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MAALI RESIN OIL* — ^Maali resin is a white plastic oleo- 
resin, resembling cicmi resin, and is derived from an unknotjvn 
• species of tree. On distillation witli steam it yields about 16 j)er 
cent, of essential oil, ])ale green in colour, and having a faint but 
^ very pleasant odour recalluig that of tea roses. It is s(3misolid 
at ordinary temperatures, melting at between 65® and 80®. Tlic 
crystalline constituent is a sesquiterpene alcohol, boiling 

at 200®, melting at 105®, and having a specific rotation + 18*33®. 
f 

MACE. — The fruit of the nutmeg, Myrislica fragrans, sonu^what 
resembles a small peacdi, which as it ripens sj)lits, showing the 
seed — the nutmeg — surrounded by a bright crimson reticulated 
arillus. This, stripped off and dried, is the mace of (‘ommerce. 
MijrlHtka fragranSy one of the Mynslicaccfey is indigenous to 
the Moluccas, more particularly to the Banda and Sunda islands. 
(Sec “ Nutmegs.”) Mace occurs in dull pale-reddish flattened 
lobes, which on soaking in water assume the shape of the nutmeg 
they originally enclosed. It contains from 5 to 12 per cent, of 
ess(‘ntial oil. The so-called Bombay mace has very little aroma, 
and is almost usel(\ss as a spice or for essential oil. The essential 
oil of mace is identical with that of nutmeg, and the two oils 
cannot be distinguished. 

MADOTHECA OIL. — Madotlma levigata (a liverwort 
belonging to the uat ural ()rder yields 0*9 j)er 

cent, of essential oil (calculated on tlu^ air-dried ])lant) which has a 
pleasant aromatic odour, recalling that of peppermint. It con- 
tains an alcohol of the formula and lias a specific 

gravity 0*856 ; specific rotatioJi, -r ’72*7® ; and acid value, 5*6. 

MAGNOLIA. — The flowers of many species of magnolia arc 
intensely fragrant, and although essential oils havb been ])re- 
pared from them they are scarcely commercial articles, and the 
perfume^ sold under the name magnolia aiT practically entirely 
artilicial. The odour of typical magnolia flowers is heavy and 
Oriental ” in character, recalling a mixture of rose, lemon, lily, 
and ylang-ylang. The name was given to the genus in honour of 
Pierre Magnol, a professor of medicine who died in 1715. The 
species are for the most part natives of mountainous countries. 
They are particularly abundant in western China, India, and the 
Indian archipelago. They are also found freely in North America, 
Mexico, and Japan, The flowers of most of the species are power- 
fully aromfec. The finest of all the magnolias is Magnolia 
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grandiflora, a stately evergreen tree growing in North America to 
a height of 70 to 100 feet. The flowers are large, cup-shaped, ^ 
white or pale lemon coloured, with an exquisite fragrance. In 
America the tree flowers during the greater part of the summer, 
beginning in May, but in England it docs not flower before July, • 
and is usually grown against a south wall, as it is somewhat tender. 
Magnolia ghmea is a native bf North America, growing in low 
8wamy)y ground at a little distance from the sea from Massachusetts 
to Florida and Louisiana, especially in New Jersey and Carolinaf^ 

It is known in America as the white laurel, swamp laurel, swamp 
sassafras, sweet bay, or beaver tree. The perfume of the flowers 
is so powerful that it ma}'^ be detoeted at a distance of three 
miles from the lr(‘n. Kabak {Mi(L Druggist and Pharrn. Review, 
1011, 45, 4S(>) has investigated the essential oil of this sj)ccics and 
found it to have a spetific gravity 0*924 at 25'^ ; specific rotation, - 
4 11*90' ; refractive index, 1*4992 at 25'' ; acid value, 1*8 ; ester 
value, K1 ; and ester value after acetylation, 28. Magnolia Kohus 
is found in Japan, where it attains a ludglit of about 10 feet, it 
has a rough bark, wliicli has an odour of camphor, and has very 
fragrant flowers. The (essential oil has be(ui examined by Asahina 
and Nakamura {Jour, Pharm, ^Son. Japan, 1908, 522), and is 
stai(Ml to contain cineol, eitral, anelhol, eugenoJ, moihybchavicol, 
])hellandrene, linalol, terpiueoJ, and eaprinic and oleic esters. (8ee 
also Rourc^Bcrtrand FJs, Bulletin, November, 1907, 25 ; and 
SchlmrncPs Report, April. 1908.) For an exliaustive account of 
oilier species, sec SaMcr (“ Odorogiaphla/' 2, 474). Artificial 
magnolia perfumes must 1)0 based on a certain amount of natural 
flower perfume, oih<*rwiso their quality is very poor. Jasmine, 
tuberose, and ylang-ylang are the j>rineipal natural perfumes 
used, together with a little \erbeua. Beiizaldehydc, benzylidene 
acetone, jihenyl ethyl al<K)liol, and hydroxycitronellal^re used, 
together with storax, balsam of Peru, cinnamic esters, and mousse 
do chene. 

MAHA PENGIRI GRASS. — See “ Citronella Oil.’’ 

MALE FERN OIL. — The substance usually known in com- 
merce under the name oil or extract of male fern is not the 
essential oil, but an oleo-resin containing some essential oil. The 
mod(‘rn tendency of perfumers to use the perfume materials of 
such substances an the lichens and liverw'orts opens up a j/bssi- 
bility for the use of the heavy and characteristic odoi^f of some of 
the ferns. The so-called male fern Dryopteris filix mas {Aspidium 
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filix mas ; Nephrodium filix mas) yields a rhizome which is 
collected, dried, and extracted, usually with ether, to obtain^the 
oleo-resin which is employed as a vermifuge. The essential oil, 
which is only obtained to the extent of about 0*025 per cent, to 
0*05 per cent., is a pale yellow liquid with an intense odour of the 
fern. It contains free fatty acids, chiefly butyric acid, and esters 
of hexyl and octyl alcohols, ranging from the butyric up to the 
pelargonio acid esters. 

^ MANDARIN ORANGE OIL. — OH of mandarin orange (or 
Tangerine orange) was so named on account of the Chinese 
custom of presenting the orange in question to the mandarins. 
It is expressed from the peel of Citrus iwhilis {Citrus madurensis), 
which is grown in Italy, Malta, the Azores, and various other 
places. The oil when dissolved in ether shows a slight fluorescence, 
due to the presence of methyl anthranilate. It is a highly odorous 
oil, used to a small extent in perfumery in certain perfumes of the 
eau de Cologne type. Its characters are as follows : — 

Specific gravity . . 0*854~0‘350 

Optical rotation . . . 4* to + 76® 

Kcfractive index . . . 1*4745-1*4770 

The oil contains from 2 to 4*5 per cent, of non-volatile residue 
when evaporated on the water bath. The principal constituent 
is limonene, but small quantities of methyl anthranilate and methyl 
mcthyl-anthranilate, and of aldehydes of the fatty series are 
present. A few years ago Japanese mandarin orange appeared 
on the market, but it was apparently a distilled oil, and of very 
little odour value, as distillation ruins all the citrus peel oils. 

MARJORAM. — Owing to the close botanical and chemical 
relationships, it will be convenient to deal with marjoram and 
origanum^ oils together. A good deal of uncertainty has up till 
recently existed in regard to the true origins of the various 
origanufn and marjoram oils of commerce. They are derived from 
various species of Origanum (natural order Labiates), and E. M. 
Holmes has, however, cleared up the confusion (P. fiJ. 0. R., 
1912, 332 ; 1913, 741). The oil known as sweet marjoram is 
derived from Origanum majorana, and according to Holmes (loc. 
ciL) the plant is known in this country as sweet, knotted, or 
garden marjoram to distinguish it from the wild marjoram, 
Origanum vulgare, which diiffers from it both in appearance and 
odour. Holmes considers that Origanum majorana is only a 
variety of Origanum maru>. In France Origanum majorana is 
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known to botanists and florists as Marjolaine douce, the wild 
marjoram being called Marjolaine sauva^e. In Germany it is 
known as Mciran, It is supposed to be a native of MediteiTanean 
countries, and has been cultivated as a pot herb from the earliest 
times, being used for this purpose by the ancient Egyptians. It 
was introduced into this country from North America in 1573, 
but it is hardly known in a truly wild state in Europe, and its 
native country must be regarded as doubtful. Other species 
were, however, and are still, used in southern Europe. Althouglf 
still cultivated at the present day in almost all countries for 
culinary purposes, the oil is chiefly distilled in and imported from 
S])ain. The jflant is a small bushy herb, usually about 12 or 
18 inches high, with small ovate, stalked, greyish-green, cntii*e, 
somewhat hairy leaves and small, rounded, stalkless heads of 
flow'crs, forming greenisli clusters at the top of the stems and 
upper branches, the small white blossoms being rather incon- 
s})icuous and almost hidden among the crowded green bracts. 
There is a perennial variety of the plant with woody stem#, 
w hich was cultivated })\^ herbidists in this country in the eighteenth 
century, and w’as distingiiisJied by tlie botivnist Willdenow as 
Origanum majoranoideti. This is the plant that yields the oil 
distilled in (Cyprus. It is generally I'ceognised that the essential 
oil of marjoram coming from a delijiite port or place of manu- 
facture is not always identical in composition or constituents. 
Origanum oil from Trieste sometimes yields carvacrol, and some- 
times thymol, in diflerent samples, and the same occurs in oils 
imported from Smyrna and from Cyprus. It would appear, 
therefore, that more than one si)ecies is employed in the manu- 
fac*ture of the oil in each district. The oils have been attributed 
to various species of origanum, but the statements do not afford 
any definite information in case.s in which the botanical authority 
for tlie name is not given. Thus there are three different 
species of origanum bearing tlie name Origanum CrcticHtm, tw^o 
bearing that of Origanum Smyrnccum, and two bearing that of 
Origanum Hirtum, so that the use of either of these names is of no 
service foi’ idontifleation purposes unless the name of the botanical 
autJiority follows that of the plant, e.^., Origanum Creticnm 
Linnaeus ; Origanum Creticum 8chousboe ; or Origanum Creti- 
cum Sieher. When these are given, it is possible for the botanist 
to imderstand which species is meant, and so far the course is 
clear. But the matter is further complicated when t^o different 
plants are used in the same locality at different times hr are 
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mixed before distillation. Failure of the crop or the exhaustion 
of the wild plant from careless collection may lead at any time 
to the substitution of the nearest plant having a somewhat similar 
odour or similar appearance, and then the identification of the 
botanical source of the oil can only be settled by the botanical 
examination of a specimen of the plant actually employed for 
distillation. It is now known that the character and percentage 
^f the phenols carvacrol and thymol differ in different species, and 
may possibly do so in the same species under different conditions, 
and that, as a rule, they do not both occur together in the same 
species. But with the aid of botanical descriptions and illustra- 
tions it should be possible to select and cultivate experimentally 
those species which give the highest yield, and to determine the 
conditions of soil or the use of particular manure under which the 
largest yield may be obtained. Until this is done there is little 
hope of obtaining anything approaching a uniform oil in com- 
merce. The principal plants from which oil of marjoram has 
Actually been distilled and examined are the following : Origamrm 
rhajoranoidas Willd. ; Onga7mm onites Linmeiis ; Origanum 
mam Linnanis ; and Ofigamim Hirlum, Link. 

According to Gubernatis (“Mythologie des Plantes/* vol, ii.), 
there is a Greek legend in reference to amarakos, as they call 
marjoram, that the youth Amaracus, a »page of the King of 
Cyprus, was carrying a vase containing perfumes, and carelessly 
allowed it to fall to the ground. He was so frightened that 
he became unconscious, and was changed into a fragrant 
j)lant, which was first named samps mhon'' and afterw^ards 
“ amarakosJ' 

The true marjoram is cultivated to a considerable extent in 
Spain and in northern Morocco, and in the neighbourhood of 
Sfax (Tuiiisia). The plant is dried in the sttti, w^hen gathered, and 
the leases beaten out. 

Origamom vidgare Linnscus is found in nearly all European 
countries. It is indigenous to Norway as far as latitude 66° 16' 
according to Schuebler, and it is also found in Siberia and central 
Asia. It is found also in North America. It appears to vary 
considerably in form, and Rouy Flore de France,” vol, xi., 
p. 347) describes five or six varieties of the species found in 
Franco. It grows freely on the roadsides, and in the woods on 
dry mountain slopes. The plant is used not only for medicinal 
purpqpes, btit for perfumery, especially soap perfumery, and as a 
condiment. 


437 



FEBFVMERY 


Other species will be mentioned below when their essential oils 
are described. 

Oil of Origanum majorana. — ^This oil is produced principally in 
Spain, whore the fresh plant yields from 0*3 to 0-4 per cent, of oil 
(0-7 to 3-5 per cent, on the dried herb). It is a yellowish or 
greenish yellow liquid of powerful and persistent odour and spicy 
taste. Its characters are as follows 


Specific gravity 
Optical rotation 
lt(‘fractivc index 
A(;id value . 
Ester value . 


0*804-0-912 
+ 15^0 + 20 ' 
J-4725-1-47G5 
Up to 1 
10-30 


Three samples, two distilled in Cyprus and one in London, 
have been examiiuxl at the Imperial Institute (Bull Imp. Inst., 
10 J 3, 11, 50) which w^c‘j‘e said to be true marjoram oils, but W’hich, 
ac( 5 ording to Holmes, were distilled from Origimmn maru, and 
according to Stapf from Origanum majorauoides Willd. (Accorc^- 
ing to the Index Kewensis, the latter is identical with, and not a 
variety of, Origanum 7najorana.) These oils had the following 
characters : — ' 



Cyprus (1). 

1 Cypnis(2). 

London. 

Specific gravity 

0*800 

0-912 

0*888 

Optical rotation 

^4- 14*2° 

+ 3-45' 

+ 13° 15' 

Saponificatiori value 

6-4 

8-25 

12*8 

Solubility in 80 per cent, alcohol 

1 in 1*3 

linl 

1 in 8-9 


Cyprian origanum oil will be referred to later. 

Sweet marjoram oil contains, according to Biltz (Berichie, 1899, 
32, 1)95), about 40 per cent, of terpenes, principally teypinene, 
and terpineol. Tcrpinenol is also present, and possibly borneol 
and a small quantity of esters. 

Oil of Origanum Vulgare.-—Tho dried herb yields from 0‘15 to 
0*4 per cent, of essential oil of powerful aromatic odour. Its 
specific gravity varies from 0*870 to 0*910, and its optical rotation 
is about — 35°. According to Jahns {Arch, du Pharm., 1880, 216, 
277), the oil contains traces of phenols, but not more than 
0*1 per cent. 

Angelescu, howwer (Gazzetki, 1922, 62, i., 167), ^ves figures 
for this oil in disagreement with the conclusion of Jahns. Three 
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samples of Origanum vulgare obtained in different parts of Italy 
were distilled, with the following results : — • 



Kome. 

Valle d’Infemo. 

Sicily. 


Per cent. 

Per cent. 

Per cent. 

Yield .... 

0-204 

0-072 

1-106 

Thymol 

Tree alcohols . 

6-7 

15-4 

2-2 

12-86 

50 

4 

Esters .... 

2-63 

2-56 

0*85 

Sesquiterpenes 

12-5 


— 


The botanical source of these plants may, of course, have been 
incorrectly ascertained, as the difference in the composition of the 
oils is so great. 

Pellini {Ann. de Chim. Applic., vii., 3) considers that Sicilian 
oil is the product of Origarium virens var. Siculum. He finds 
it to have a specific gravity 0-924 to 0-032 ; optical rotation, 
— 1-54® to — ; phenols, 49 to 50 per cent., consisting 

principally of thymol. 

Oil of Origanum Dictamnus. — ^This oil is of yellow colour, and 
has a strong odour of pulegone. It has a specific gravity about 
0-933 ; optical rotation, + 3"^ ; and contains about 85 per cent, 
of pulegone. 

Oil of Origanum Creticum. — An oil distilled in Sicily, probably 
from Origanum Creticam, has been examined by Umney and Bennett 
{Pharm. Jour.^ 1905, 75, 860). They found it to have a specific 
gravity 0*920, to be optically inactive, £tnd to contain 44 per 
cent, of phenols, mainly carvacrol. The origanum oil distilled in 
Crete must be regarded as of uncertain botanical origin, and is 
probably distilled from more than one species. 

Oil 0^ Origanum Hirtum. — It is probable, but not certain, that 
the origanum oil entering into commerce vid Trieste is the distil- 
late, in the main, of Origanum Hirtum. The oil (of authentic 
origin) has been examined by Jahns {Arch, der Pharm. ^ 1879, 216, 
1). It has a pungent, thyme-like odour, and a biting, persistent 
taste. When freshly distilled it is of a golden-yellow colour, 
which deepens on exposure to air. The yield is about 2 to 3 per 
cent, on the dry herb. The oil has a specific gravity 0-940 to 
0*980 ; optical rotation, — 1° to + 2° ; and contains 60 to 86 
per gent, ^f carvacrol. Pickles, however {Bull. Imp. Inst.^ 
1011, 9, 388), has reported on an oil which appears to have been 
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distilled from the same plant, the yield being 3*3 per cent., and 
which had a specific gravity 0*944 ; optical rotation, + 0"^ 24/ ; 
and contained no carvacrol, but about 64 per cent, of thymol. 
Three samples of the oil distilled in the Dalmatian islands were 
found to be similar to the oil examined by Pickles, and, according 
to Giessler (SchinmeVs Report, October, 1911, 63) the plant was 
Origanum Uirtum var. nlhiflonmi. Possibly the oil described 
by Jahns was not from this species at all. ^ 

Smyrna Origamim 0?7. ~:^The oil of origanum distilled in 
Asia Minor and prol)al)ly elsewhere, enters into commerce vid 
Smyrna. It is the distillate of Origanum onites (0. Sm/ymeeum). 
The dry herb yields 1*4 to 2*4 per cent, of oil. It is of a golden 
yellow to brown colour, and has an odour recalling that of linaiol. 
It has the following characters : — 

Speeilici gravity . . . 0*805-0*965 

Optical rotation . . . — 1® to — 15° 

Refractive index . . . 1*4950 -1*5250 

It contiiins from 15 to 75 per cent, of phenols, usually from 
25 to 45 per cent., of wliich the greater part is carvacrol, wdth 
some tliymol, from 20 to 50 per cent, of linaiol, cymenc, an 
ololinic tcrpeiie, and j)robably pinciio and camj)hor. Codrol has 
been reported in a sample of this oil, but it was probably due to 
adulteration with cedar wood oil. 

Syrian Origanum Oil. — This is probably obtained chiefly from 
Origanum marii. It is a highly aromatic oil containing from 
50 to 75 per cent, of phenols, which have been reported as entirely 
carvacrol, or entirely thymol, or a mixture of the two {Schimmeh 
heporl, April, 1907, 73 ; 1911, 63). It has a specific gravity 
0*930 to 0*977 ; optical rotation, 0° 50' to T 35' ; and is usually 
solubfc in 2 to 3 volumes of 70 per cent, alcohol. 

(Cyprus Origanum. Oil— The botanical origin of the oil which 
is distilled in Cypus in fairly large quantities is still a matter of 
doubt. Gennadius (Pickles, Jonr. Chem. Soc., 1908, 93, 862) 
regards the plant as Origanum onites ; Holmboe {ibid.) regards it 
as Origanum duhium, a subspecies of Origanum maru ; whilst 
E. M. Holmes (Pharm. Jour., 1907, 79, 378 ; P. do E. O. R., 1913, 

4» 41) considers it to be Origanum majoranoides Willd., which 
he regards as a variety of Origanum mam (vide supra). The 
plant grows wild in the north-western part of the island. The 
distillation commences in June or July, when the seeds are mature, 
and lasts until the middle of December, The oil is^eddigh in 
colour, and is often erroneously called oil of thyme. It has a 
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specific gravity 0*862 to 0*967 ; is optically inactive or very slightly 
dextrorotatory ; and contains from 70 to 85 per cent, of phenols, 
principally carvacrol. According to Francis, the phenols are 
principally thymol, hut this statement does not appear to be 
correct. Pickles (Jour, Chem, Soc,, 1908, 93, 862) states that a 
Cyprian oil examined by him contained traces of isobutyiic acid, 
a phenol which was probably hydroxy -me thoxy-cymeno, carva- 
crol, cymene, menthol, camphor, and a terpene which has been 
provisionally named origanene. 

MARONIOL. — This is the name given by Joancard and Satie 
to an alcohol which they claimed to have isolated from Guiana 
sandalwood oil (P. d? E, O, P., 1911, 2, 79). The substance boiled 
at 155® to 159® at 20 mm. ; had a specific gravity 1-0378 at 23® ; 
Bwad an optical rotation, — 6®. 

MASSOY BARK OIL. — Various barks have from time to 
time been found in commerce under the name massoy or massoi 
bark. The true bark is the product of Massoia aroymtica, a native 
31 New Guinea. According to Wiesner, Cinnamomum xantho- 
neuron is identical with Massoia aromatica, but this is uncon- 
firmed. ScMnimel c& Co. distilled a bark known as massoy bark 
[rom New Guinea, but which E. M. Holmes (Pharm. Jour,, 1888, 
iii., 19, 465 and 761) found very similar to the bark of GuMlabanus 
Papuamis, and obtained from 6 to 8 per cent, of a heavy essentia] 
oil, having a pleasant aromatic odour recalling that of cloves and 
nutmegs. Its specific gravity was 1*040 to 1-065. It contains 
about 70 to 75 per cent, of eugeriol, and some safrol. The terpenes 
pinenc, limonene, and dipentene were also present. 

MASTIGOBRYUM OIL.— A few of the liverworts (N.O. 
JungcrmanniacGce) yield aromatic oils. According to Muller 
(Chem, ZentraL, 1905, ii., 768) Mastigobryurn trilobatum ^fields 
about 1 per cent, (on the dry plant) of a yellow-orange essential 
oil, whi<!h has an odour recalling those of sandalwood, cedarwood, 
and pine needles. The oil has a specific gravity about 0*945 
(exceptionally, 0-975) ; an optical rotation about — 13®, and 
contains a terpene and some unidentified constituents. 

MAY CHANG.— See Litsea Oil,’’ 

MEADOWSWEET, OILOF. — Spircea ulmaria, tho '‘meadow- 
sweet’’ of the countryside, is a common plant in England, 
especially on the banks of streams and in moist pastures and woods. 
The flpwer t>uds, on distillation with water, 3 ?ield about 0-25 per. 
cent, of an essential oil of great fragrance. The oil contains 
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salicylic aldehyde, C6H^(0H)(C0H), as its principal constituent. It 
also contains a terpene, methyl salicylate, vanillin, and heliotropin. ^ 
Salicylic aldehyde (q.v.) is made artificially, and is used to repro- 
duce the meadowsweet odour. 

MECCA BALSAM.— See “ Balm of Gilead.” 

MEI RHOA. — This plant (also spelt Mei Hwa) is one of the 
most admired and beloved plants grown in China. It is the so- 
called “ priimis ” or “ hawthorn.” The flowers have an exquisiti 
odour, and arc particularly esteemed on account of the fact that the 
blooms ajjpear in winter. It is largely used as a perfumed decora- 
tive in fashionable saloons. The highly valued (so-called) ginger 
jars of the K’ang-hsi (Kang-he) period of Chinese porcelain are 
frequently dcjcorated with the primus flownr with a background to 
resemble cracked ice. These w^erc used by the rich to send to their 
friends as New Year presents, filled with the finest tea, the decora- 
tion being symbolical of the coming of spring, wdth the prunus 
blossoms falling on the already eracking ice, ^ 

MELILOT OIL. — The dried flowers of Meliotus officinalis 
(N. 0. Legnminosiv) yield 0‘Ul5por cent, of essential oil of highly 
aromatic odour. The only constituent so far detected is coumarin. 


MELISSA, OIL OF. — The plant Melissa officinalis is indige- 
nous to the northern Mediterranean littoral and w^estern Asia. 
It is cultivated in northern America. The plant has a lemon 
odour, recalling that of a mixture of lemongrass and citronella. 
On distillation the amount of oil obtained is so small that, in spite 
of its beautiful odour, it is scarcely ever seen in commerce. But 
as a demand exists for oil of mehssa, or ‘‘ oil of balm,” as it is 
frequently termed, the supply of something to answer the name 
also exists. Melissa oil when met with in commerce to-day is 
practically invariably merely a distillate of lemon oil, with or 
without a little lemongrass or citronella oil, over the leavis of the 
plant. Mgiues published for this oil must be taken with con- 
sidc'rable reserve. ScMmmcl Co. (Bericht, October, 1894, 37) 
examined tw^o samples from the fresh herb and give the following 
figures for them : — ® 


At coinmenrement of In full 

^ flowering. flower. 

Specific gravity 0*924 0*894 

Optical rotation -j- 0° 30' 0® 

0*01 per cent. 0*1 per cent. 


MENTHENONE. — This ketone, of the formula Cj^HigO, has 
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been isolated by Schimmel Co. from Japanese peppermint oil 
^(Berichty Schimmel dh Go., October, 1910, 79). It is a higkly 
aromatic liquid having the following characters : — 


Specific gravity . 
Boiling point 
Optical rotation . 
Refractive index . 


0- 9382 

235^--237^ at 752 mm. 
+ V 30' 

1- 4844 


S; yields a somicarbazone which forms two modifications, one 
melting at 224° to 226°, and the other at 171° to 172°. The oxime 
melts at 107° to 108°. 

MENTHOCITRONELLOL. — This alcohol, also known as 
menthonyl alcohol CioHgoO, is a body of delicate rose odour, and 
is prepared as follows. XoBvo-menthone is treated with hydroxyl- 
amine, and the resulting oxime is brought into contact with 
strong sulphuric acid, which converts it into isomenthone oxime. 
Phosphorus trichloride dissolved in chloroform is added, when 
hydrochloric acid is evolved and menthonitrile results. This is 
reduced by sodium to mcnthonylamine, which is converted into 
menthocitronellol by means of sodium nitrite (reacting with the 
oxalate). Menthocitronellol has a specific gravity 0*831 ; optical 
rotation, +2°; refractive index, 1-4471; and boiling point 
about 100° at 7 mm. 

MENTHOL. — ^This body has been known for some centuries 
in a more or less crude form, but it was not until early in the 
nineteenth that it was subjected to any systematic chemical 
examination. Dumas, who analysed it in 1833, stated that the 
camphor of peppermint oil only differed from ordinary camphor by 
two atoms of hydrogen.’’ In 1839, Walter established the formula 
for menthol as CjQHaoO, which wc know to-day to be the correct 
formula. In 1863, Oppenheim recognised that menthol was an 
alcohol, and since then numerous chemists have engaged in 
researches in order to elucidate the constitution of this compound. 
Menthol C 10 H 19 OH as it occurs in commerce is the characteristic 
solid alcoholic constituent of peppermint oil, from which it 
separates in fine crystals on cooling. Theoretically, seven isomeric 
menthols are possible, of which two are primary, two secondary, 
and three tertiary alcohols. The two primary alcohols have not 
so far been definitely characterised. Of the two secondary 
menthols, one is the menthol of commerce, whilst the second is 
identiisal wtfch tetrahydrocarveol, which has not been found in 
nature, but has been prepared synthetically. The tertiary 
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menthols have, possibly, been prepared in a more or less pure 
condition, but it is impossible at present to describe them with^ 
any degree of accuracy. There are, of course, further isomeric 
menthols depending on optical activity ; apparently at least 
eight optically active varieties of natural (secondary) menthol are ^ 
capable of existence on account of the number of asymmetric 
carbon atoms contained in the molecule. 

Natural menthol of commerce is the product of Japane^ 
peppermint oil (see Peppermint Oil ’’), which is far richer in the 
alcohol than any other of the peppermint' oils. In fact, at ordinary 
temperatures this oil forms a crj^stalline magma. When the 
natural oil is cooled, about half its menthol is separated in the 
crystalline form and is separated off. The liquid oil resulting from 
this separation is known as ** dementholised ’* peppermint oil, 
but it still contains from 40 to 45 per cent, of menthol, and up to 
12 or 15 per cent, of esters of menthol. The latter yield menthol 
by saponiftcatio)!, and the oil will then deposit more menthol by 
suftieient freezing, • 

TChe molting jioint of menthol has been found to vary according 
to the source of the menthol that from Japanese peppermint oil 
melting at 43'' to 44*5'' after repeated crystallisations. It is 
probable that this varying melting point is due to the presence 
of varying quantities of the isomers (either structural or stereo- 
isomeric) of mcmthol present. 

There is no doubt that commercial mcntliol, extracted from 
Japanese pe])])ermint oil, consists in the main of substantially a 
single chemical individual, which is normal laworotatory menthol, 
having, in its purest form, the following characters ; — 

Melting point .... 44°-44-5° 

Boiling point .... 2 15'" -2 16® 

Specilic rotation . . . . — 49® to — 50® 

The melting point of menthol has, as above mentioned, been 
recorded by different observers at figures which vary by several 
degrees. Some light has been thrown on the matter by F. E. 
Wright (Jour, Amer, Chem. Soc,, 1915, 39). He states that 
menthol crystallises in four different forms, which he terms a, 
b, c, and cl Of these, the “ a form is the most stable, and the 
other forms revert to the ** a ” form eventually. He states that 
the a form melts at 35*5®, the “ c ” form at 33*5®, and the “ d 
form at 31-5®. 

It is exceedingly difficult, however, to understand the meaning 

of these forms,’’ and it is possible that traces of isomers or other 
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substances are concerned in the matter. And Wright's results 
do not assist much in the question of the chemistry of menthpl. 
Further, as pure laevorotatory menthol melts at 44® to 44*5®, it is 
clear that even in his “ a form he had not a perfectly pure 
^substance. 

The recent work of J. Pickard and Littlebury (Jour, Chem. Soc,^ 
101, 109) is of considerably more importance. Starting from the 
mixture of alcohols which Brunei {Com, pies Rendus, 137, 1288) had 
ontained by the reduction of thymol, they isolated from it about 
60 per cent, of isomeric menthols, and by means of fractional 
crystallisation of the zinc and magnesium salts of the plithalic acid 
esters they succeeded in separating the alcohols into at least two 
separate compounds. Of these, one was optically inactive menthol 
melting at 34®, and the other we,s a compound termed “ neo- 
menthol,’’ which melted at 51®. These two bodies have the 
following characters : — ^ 

1 -Menthol. nco-Menlhol. 

• Melting point . . 34® . . 51® 

Boiling point at 10 mm. . 103®~105® .. 103®-105® 

Melting point of plithalic ester 129®-131® . . 175®-177® 

It is probable that this i-menthol is the optically inactive 
variety of the natural lawomenthol of peppermint oil, since, by 
means of the brucine salts of its plithalic ester, it can be seimrated 
into /r;??;o-menthol (melting point, 42® ; specific rotation, — 48*7®) 
and dexlro-meniliol (melting point, 40® ; specific rotation, 
+ 48-15®). 

Ill the same way, neo-menthol can be separated into its optically 
active varieties. 

Commercial menthol, therefore, probably consists in the main 
of normal laevorotatory menthol, with traces of optically inactive 
menthol of melting point considerably below that of its ojitically 
active variety, and possibly traces of other isomers. The active 
neo-menthols are both liquid at ordinary temperatures. 

The statement recently made in an English journal that the 
synthetic liquid menthol is chemically identical with the natural 
article is, of course, only to be accepted subject to such limitations 
as have been indicated above. 

The following alleged isomers of natural (secondary) menthol 
have been claimed to exist : — 

(1) By reducing d-menthone, Beckmann prepared an “ iso- 
menthol " melting at 79® to 81®, and having a specific rotation 
+ 2 ®/ 
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(2) By reducing pulegone, Haller and Martine {Comptes Bcndus, 
1^6, 140) obtained Isevorotatory menthol identical with natural 
menthol, melting at 43° to 44°, and having a specific rotation 
— 46° 40', and two other isomers, which they termed a-pulego- 
menthol (melting point, 84° to 85° ; specific rotation, + 30°) and, 
/9-pulegomenthol (liquid ; specific rotation, -f- 2° 36'). 

(3) Kondakow and Bachtschiew, by reducing the menthone 
found in oik of buchu loaves, obtoined a menthol melting at 38° 
to 39°, and having a specific rotation -f- 32° 37'. These chemists 
also obtained an amorphous substance, which they consider to 
be a menthol, which solidifies at — 10°. 

(4) Brunei (Comptes Jiendus, 1903, 1288), by the reduction of 
thymol, obtained a-thymomenthol, melting at — 5°, and ^-thymo- 
mcnthol, melting at 28°. 

(5) Wright (Jovr. Amer. Chem. Soc., 1915, 39) claimed to have 
isolated four “ forms ” of menthol (see above) from tlie commercial 
substance. 

(6) Pickard and Littlebury {Jmir. Chem. 8oc., 101, 109), w’orking 
on Brunei's mixture from thymol reduction, obtained optically 
inactive menthol, melting at 34°, and neo-menthol, melting 
at 51° (sec above). The inactive menthol was resolved into 
its optical isomers, both of which melted at about 43°. 

Vavoii and Couderc {Comptes Bendvs, 1924, 179, 405) regard 
ordinary menthol and neomenthol as the irans- and cis- forms 
respectively of l-methyl-4-isopropylhexan-3-ol. 

The synthetic menthol of commerce is found in two modifica- 
tions. Of these, the solid synthetic menthol melts at about 28°, 
and boils at about 214°. It is optically inactive. A liquid 
synthetic menthol is also obtainable. They are in all probability 
mixtures of various of the isomeric menthols. 

Miillcr has taken out a German patent (376474, April 1st, 
1921) for preparing menthol from pulegone. 

One kilogram of Spanish oil of pennyroyal is dissolved in five 
times its weight of ether. A little water is added, and the whole 
thoroughly cooled in a powerful freezing mixture. 

Metallic sodium (0-8 to 1 kg.) is then gradually added at such * 
a rate that hydrogen is not too rapidly evolved, and the tempera- 
ture does not rise above + 5°. More water may be carefully 
added, as necessary. When all the sodium has been dissolved, 
the aqueous layer is removed and the ether solution is washed 
neutral. The oil remaining after distilling off the qjther may be 
rectified in vacuo or distilled in steam. From an oil of penfiyroyal 
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witihi specific gravity 0*9400 and optical rotation + 20° there is 
obtained by this method, in 80 per cent, jneld, an oil of peppermint 
•odour which has specific gravity 0*9114 at 15° ; optical rotation, 
— 14° ; ester content, 3 per cent. It contains 70 per cent, of 
^menthol (total) and is soluble in 2-3 parts of alcohol (70 per cent, by 
volume). The oil is water white, and is described as having a very 
fine peppermint odour and taste, mild, and with a strong cooling 
effect on nose ahd mouth. 

®The same process applied to pure pulogono yields an oil which 
crystallises on cooling and has all the properties of menthol. 

The reduction of pulegone (but not of oil of pennyroyal) to 
menthol has previously been described by Bechmann and Pleissner 
{Annalen^ 1891, 262, 30), but they used anhydrous ether, and 
obtained only 40 per cent, of the theoretical yield. All other 
reduction methods, either with sodium and alcohol or by catalytic 
processes, led to an entirely different result. The menthol is 
obtained in only small yield, and, instead of being strongly 
Ise^orotatory like natural menthol or the above product, is 
dextrorotatory or only feebly Isovorotatory. Only Z~menthol has 
the true taste and odour of the natural substance. Tlie cZ-isomer 
has more of a camphor — or borneol — flavour and smell, and 
cannot, therefore, be used in place of natural menthol. 

The process described above is amenable to several modifica- 
tions. The caustic soda produced during the reduction may be 
neutralised as formed. This may be accomplished by addition of 
acetic acid to the water before mixing it with the ether. The 
sodium may also be replaced by an equivalent quantity of 
metallic potassium or calcium. 

The most recently patented process for the artificial production 
of menthol is the following, the complete specification of which, 
dated August 21st, 1924 (No. 220953), has been issued through the 
International Convention. It is for the preparation of thymol 
and menthol, by Geza Austerweil, of Boulogne-sur-Seine, France. 
The characteristic feature of the process is that p-cynume is 
nitrated, the resultant nitrocymene is dissolved in concentrated 
sulphuric acid (not over 97 per cent, strength) and electrolysed 
into p-aminothymol with a great excess of current, great cathodic 
current density, and protection from contact with air ; the amino 
group is then eliminated from the product by diazotation and 
reduction, and the thymol is steam distilled, and, after drying, 
reduced to njenthol by means of hydrogen under high pressure, 
with nitJkel as a catalyst and with brisk stirring. 
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The thymol thus obtained is reduced with hycJrogen at high 
pressure over nickel as a catalyst to inactive menthol, and the 
crude menthol thus obtained is transformed into crystaliine^ 
menthol cither through its phthalic add salt, or by oxidising it to 
menthone and age in reducing it. ^ 

Exaryiphs. — 7 )-Cymene obtained from monocyclic terpenes as 
described in the specification of the Patent No. 206848, granted 
to L. Peufaillit and G. Austerweil, or by any other method, is 
dissolved in its own wdglit of concentrated siiiphuric acid, cooled 
to and nitrated with a mixtiire of 1 part of nitric acid and 
2 pa rts c»f sulphuric acid, with a little over the theoretical amount 
of nitric acid to avoid the raising of the temperature above 6°. 
The mixture is well stirred during nitration, and finally poured 
into 6 to 8 parts of water cooled to about 0"^. The 2-nitro- 
p-cymene deposited as a brown oil is' washed and cleaned by 
steam distillation and the distillation products floating on the 
condensed water are separated and may be used again for 
a furtlicr nitration. The 2-nitro-p-cymene itself is dried fyid 
dissolved in concentrated sulphuric acid of a strength over 95 per 
cent. 

Such an 8 ])er cent, solution of nitrob('nzcnc sulphonic acid is 
electrolysc'd, l^^or this jmrposc it is placed in a cathode chamber 
in a vessel made of porous eartlienware, and covered with molten 
paraffin. This \essi‘J is put in an anode chamber' filled with 
75 p(T cent, sulphuric acid and heated. The electrolysis is carried 
out at 6(1*^, with a cathode density of 8 to 15 amperes per scjuare 
decimetre, and 5 to 6 volts tension, with electrodes unattackable 
by acids. Without plentiful excess of current, i.c,, without a big 
production of hydrogen in the cathode chamber, and without the 
protection of the paraffin covering, the yield of />-aminotliymol is 
small, but with the patentee’s process it exceeds 60 per cent. 

Tlio aminotliymol in solution, after neutralising the greater 
part of the solvent acid, is directly diazotised, and r(iluced to 
eliminate the amino-group, or poured into an excess of sodium 
bisulphite solution and j>recipitated as a base with caustic soda 
solution, or salted out after adding the caustic soda solution. 
After decantation the base is dissolved in hydrochloric acid. The 
solution is diazotised and the amino-group eliminated with 
stannous chloride in acid solution after its transformation into 
thymol-hydrazine, or the diazoic solution is poured into a concen- 
trated caustic soda 'solution, strongly cooled, and jeduced with 
an alkaline solution of stannite of sodium. After being left some 
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time alone, it i| boiled, and finally acidulated in order to precipi- 
^tate the thymol ; this is steam distilled ; the distillation product 
gives in a short time rose-coloured crystals of thymol. 

Thymol thus obtained is dried and reduced with hydrogen and 
♦nickel as a catalyst, to menthol in an autoclave fitted with a 
stirrer. The best catalyst for this purpose is obtained if nickel is 
precipitated as nickel carbonate from a solution of nickel sulphate 
^ kiesulguhr and heated to 350"^ to 400® in a current of hydrogen. 
Tne reduction with this catalyst may be effected at 160® to 170® 
at a pressure of 15 atmos})lieros, with brisk stirring, very little 
menthone only being produced as a by-product. The yield 
is 80 per cent, of tlie thymol, or even more ; the residue is 
unattackod thymol, which may bo washed out from the reaction 
product with dilute caustic alkali solution. The crude menthol 
is either oxidised in acetic acid solution with chromic acid to 
menthone, and this reduced in alcoholic solution with mcitallic 
sodium to inactive menthol, or it is transformed into the phthal- 
esttric acid salt and the i-meiithol regenerated therefrom by 
saponification. 

Spanish oil of pennyroyal is the most easily accessible, but the 
process can equally be used with the pennyroyal oils from North 
Africa or Asia Minor, or with the oils from Hedeoma 'puJegioides, 
Pycnayithemum lanceolatum, Bysiropogon origanijolms, or Cola- 
mentha nepeta. 

Smith and Penfold [Jour, and Proc, Royal Soc. N,S,W., liv., 40) 
have shown that menthol qan be prepared by the direct reduction 
of piperitone (g.v,), but is always accompanied by a considerable 
amount of a bimolecular ketone. If, however, j)ipciitono be lirst 
reduced to menthone (q.v.), the latter is easily further reduced to 
menthol. 

The menthone prepared from piperitone was treated with 
sodium aqueous ether solution, repeatedly adding the metal 
in small quantity until the reduction was thought to be complete. 
The reduced product did not, however, solidify at room temj)era- 
ture, although it readily formed a solid mass when the vessel 
containing it was stood upon ice. As the melting point of menthol 
prepared in this way is only 34® C., it follows that a very small 
quantity of unreduced menthone would be sufficient to prevent 
crystallisation under atmospheric conditions. The menthol was 
therefore purified by the phthalic acid combination in the ordinary 
way, when ae^ood return of crystallised menthol was obtained. 
It shoufd not be difficult, however, to devise methods for the 
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preparation of crystallised menthol from the partly reduced 
musnthone by freezing out and separating by mechanical means, 
similarly to those employed in the manufacture of cineol. 
Although it might be a dilhcult matter to economically prepare 
the optically active components from the inactive menthol thus^ 
produced, yet this has been accomplished in the laboratory, and 
Pickard and Littlebury (Proc. Umn, Soc., 1012, 101, 111) have 
shown that, when thus separated, both the dexiro- and Icevp- 
mentliols melted at 43'' C. 

PonfoJd (see P. d’* E. 0. R., 1924, 277) has just reported on a 
sample of m(‘nthoJ manufactured from j)ij)eritoiic as follows : — 

A commercial sample ex bulk stock of synthetic menthol 
manufuctuied from pipoiitone was (ixamined, with the following 
results : It was a perfectly colourless viscous li(|uid, which 
readily solidili(^d during cool weather at a temperature of 15° 
to 17° C. It produced an eAcellent cooling effect, and possessed 
a typical mcntliol odour and taste. It possessed the following 
constants ; — 


15 ° 

Si)ecifio gravity -j C. 

Opi ical rotation 
ilefractive index, 20° i\ 
‘boiling point at 774 min. 


0-0068 

- 3-6° 
1-4634 
2I2>213^' C. 


lliese constants are in agreement witli tliose for chemically 
pure natural menthol, witli, of course, the exception of rotation. 
The soli<lificd oil melted at 23° to 24° 0., and so, although usually 
in the liquid condition, would be a solid in a cold climate. On 
investigation it was found to consist of two isomers of the same 
boiling point, 212° to 213' C,, but tlie solid inactive menthol of 
melting point 34° C. was found to prej)onderatc. The liquid form 
was lu^v’^oiotatory, 8o far as I am aware, it is the first record of 
a syntiietic menthol having a licvorotation.'’ 

Menthol forms an acetic ester, monthyl acetate 
a viscous, highly refrac tive licpikl boiling at 224°, and a benzoic 
ester ( loHj,, 0. CO. ( melting at 54°. It also forms a phenyl 

urethane melting at 111° to 112°, 

Boedtkor {BnlL Soc. Chim.y 1015, iv., 17, 360) has prepared a 
number of the homologues of menthol. Sodamide was allow’ed to 
redact with menthoiie in ethereal solution. The resulting sodium 
month one was then treated with the various all<yl iodides, with 
the formation of the corresponding alkyl menthoncsi These were 
reduced with sodium, and thus yielded the corresponding menthol 
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iomologues^ The alkyl menthols so prepared had the following 



Boiling point. 

Specific 
gravity at 
18« 

4®* 

Specific 

rotation. 

Befraotiv4 

index. 

Jlethyl menthol. 
Ethyl menthol . 
Propyl menthol. 
Isoamyl menthol 
Benzyl menthol. 

130° at 22 mm. 

124° at 13 mm. 

14] °--145° at 27 mm. 
150° at 23 mm. 
203°-205°at24mm. 

0-912 

0-925 

0-907 

0-898 

0-983 

- 2°2r/ 

' + 4° 55' 

+ 29° 7' 

+ 33° 44' 

— 4.3° 10' 

1-4692 

1-4769 

1-4675 

1-4661 

I .KOKT 


Menthol IS used for the same purposes as peppermint oil where 
the powerful menthol odour and flavour, free from those of the 
ee(^ondary eonstituents of the oil, are desired. Traces in eau de 
Cologne give it a very “ cooling ” effect on the skin. 

MEN! HONE. ^Menihone is a ketone of the formula C.oH.sO 
found associated with menthol in peppermint oils. It is a liquid 
with a mmt-hke odour, having the foUowing characters ^ 
Specific gravity .... 0.894 

Kefiactivo index . . . 1-4405 

Boiling point . . ' 

Optical rotation . . . .' About ± 26° 

Ihcre are probably a number of isomeric menthones correspond- 
mg with the isomeric rneiithoJs. {Vuh “ Menthol.’’) ^ 

Menthono has been obtained synthetically by various methods 
(Annaten, 1905, 342, 306 ; 1908, 368, 261). 

1 Penfold (Jour, and Proc. Roy. Soc. N.8.W., liv., 46 • 

IVU.. 210) have prepared menthone by the reduction of piperitone.’ 

commercial method for the production of 
menthol result from this reaction . 

P^o piperitone was subjected to the action of purified hydrogen 
m the presence of a nickel catalyst for six hours, the temperatme 
mngmg between 175° to 180°. The double bond in piperitone 

forthfr^? formation of mentLL, but 

it * 1°^ hydrogen under these conditions did not 

tin “^honyl group, even after continued treatment for 

mZfhT'h conations, however, the reduction to 

“ connection 

with the production of this ketone, but also as a stage in the 
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preparation of crystallised menthol from the partly reduced 
nwjnthone by freezing out and separating by mechanical means, ^ 
similarly to those employed in the manufacture of cineol. 
Although it might be a difficult matter to economically prepare 
the oi)tically active components from the inactive menthol thus, 
produced, yet tliis has been accomplished in the laboratory, and 
Pickard and Littlebiiry (/Voc. dumi. Soc,, 1012, 101, 111) have 
shown that, when thus separated, both the dextro- and 
menthols melted at 4:i" C\ 

Penfold (sec P, d- E, 0. JR., 1924, 277) has just reported on a 
sanif)le of menthol manufactured from piperitone as follows : — 

“ A eommorcial sample ex bulk sto<.k of synthetic menthol 
nianiifacturecl from pipc^ritonc was examined, with the following 
results : It ■was a ])erfeclly colourless viscous liquid, which 
readily solidified during cool weather at a temperature of 15^ 
to 17'" C. It produced an cxoclient cooling effect, and possessed 
a typical menthol odour and taste. It possessed the following 


constants : — # 

15 ^' 

Specific gravity C. . . . 0-9008 

Optica] rotation .... — 3*6° 

Kef ractive index, 20° . . . I •4034 

Koiling point at 774 min. . 212 2)3^' 


“ These constants are in agi’(‘('inent w ith those for chemically 
pure natural menUiol, with, of course, the exception of rotation. 
The solidified oil nujlted at 23° to 24° C., and so, although usually 
in the liquid condition, would be a solid in a cold climate. On 
investigation it w^as found to consist of two isomers of the same 
boiling point, 212° to 21 3 'C., but the solid inactive menthol of 
melting point 34° C. was found to preponderate. The licpiid form 
was lievorotatory, vSo far as I am aware, it is the first record of 
a synthetic nuaifhol having a la^vorotation.'’ 

Mentliol forms an acetic ester, monthyl acetate CioHig^.COCHg, 
a viscous, highly refractive liquid boiling at 224°, and a benzoic 
ester melting at 54°. It also forms a phenyl 

urethane melting at 111° to 112°. 

Boedtker (Bnlh Soo. Chwi,^ 1915, iv., 17, 300) has prepared a 
number of the homologues of menthol. Sodamide was allow^ed to 
react with menthone in ethereal solution. The resulting sodium 
menthone was then treated with the various alkyl iodides, with 
the formation of the corresponding alkyl menthonest These were 
reduced with sodium, and thus yielded the corresponding menthol 
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homologues. The alkyl menthols so prepared had the following 
oharacters : — • 




Specific 


Rcfraoiiv4 

index. 


Boiling point. 

gravity at 
18® 

IF- 

Specific 

rotation. 

J|3thyl menthol. 

1 30® at 22 mm. 

0*912 

~ 2® 26' 

1*4692 

Ethyl menthol . 

124® at 13 mm. 

0*925 

+ 4® 55' 

1*4769 

Propyl menthol. 

14rM45®at27mm. 

0*907 

+ 29® 7' 

1*4675 

Isoamyl menthol 

150® at 23 mm. 

0*898 

+ 33® 44' 

1*4661 

Benzyl menthol. 

203°“-205° at 24 mm. 

0*983 

— 43® 19' 

1*5257 


Menthol is used for the same purposes as ])eppermint oil where 
the powerful menthol odour and flavour, free from those of the 
secondary constituents of the oil, are desired. Traces in eau de 
Cologne give it a very “ cooling effect on the skin. 

MENTHONE. — ^Menlhone is a ketone of the formula CjoHjgO 
found associated with nuuithol in peppermint oils. It is a liquid 
with a mint-like odour, having the following characters : — 

Specific gravity .... 0*804 

llefractive index .... 1*4495 

Boiling point .... 20G'’~208® 

Optical rotation .... About + 26® 

There are probably a mimber of isomeric mcnthoncs correspond- 
ing with the isomeric menthols. {Vide Menthol.”) 

Menthonc has been obtained synthetically by various methods 
{Aiinalen, 1905, 342, 306 ; 1908, 362, 261). 

Smith and Pcnfold {Jour, and Proc. Boy. Soc. liv., 45 ; 

Ivii., 215) have prepared menthonc by the reduction of piperitono, 
and consider that a commercial method for the production of 
menthol ^ay result from this reaction. 

Pure piperitone was subjected to the action of purified hydrogen 
in the presence of a nickel catalyst for six hours, the temperature 
ranging between 175® to 180®. The double bond in piperitone 
was readily opened out with the formation of menthonc, but 
further action of the hydrogen under these conditions did not 
reduce the carbonyl group, even after continued treatment for 
two days. Under correct conditions, however, the reduction to 
menthol should take place. The ease with which menthone is 
formed in this way is of special interest, not only in connection 
with the production of this ketone, but also as a stage in the 
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manufacture of menthol. The reduction of piperitone to menthone 
caiftnot well be brought about by the action of sodium or of 
sodium-amalgam in alcoholic solution, because, with the latter 
particularly, a solid bimolecular ketone is formed at once. This 
is a finely crystallised substance, melts at 148° to 149°, and has ^ 
the formula Cgo H34O2. Piperitone thus follows the rule with 
substances having a conjugated double bond — carvone, for 
instance, which also forms a bimolecular ketone on reductio|j, 
melting at 148° to 149°. The menthone was prepared from 
piperitone in almost quantitative yield, and had the characteristic 
peppermint odour of this substance. It was colourless^ boiled 
at 208°, had a s]:)ecific gravity at 20° = 0*8978, optical rotation 
aD •— 0*15°, and refractive index at 20° =- 1*4529. The oxime 
melted at 80°, tlie more soluble scmi-carbazone at 156°, 
while the l(‘ss soluble melted at 187° to 188°. Any unreduced 
piperitone can bo removed from the menthone by the action of 
neutral sodium sulphite. 

Good results were also obtained by electrolytic reduction, using 
platinum as the anode and activated nickel as the eathode, but 
the product was almost entirely isomenthone. 

MENTHYL ACETATE.- Men thyl acetate, CIIa.fJO.O.CioHn,, 
is an (\ster occurring naturally in oil of peppermint. It is also 
formed by the esterification of menthol by means of acetic 
anhydride. It is an oil of peppermint-] ilce odom‘, having the 
following characters : — 

90° 

Specific gravity , . . . 0*925 at 

Boiling point .... 228° 

Optical rotation ... — 73° 

]lefra(^tive index . . 1*4468 

The relative pro])ortions of free menthol and menthyl acetate 
in ixjppormint oils have a marked etl'cct on their flavour a^d odour. 

MERIANDRA, OIL OF. — ^The essential oil of Meriandra 
henghaUnsis has been distilled in Eritrea and examined by 
Schimmcl tf* Co. (BericMy October, 1911, 106). It has been 
termed sago oil locally. The oil has the following characters : — 

Specific gravity . . . .0*951 

Optical rotation . . . . — 2° 5' 

Refractive index .... 1-4790 

Acid value . . . . .3-7 

Ester value 14-^ 

The oil has a fragrant sage odour and contains camphor. 
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MESPILODAPHNE, OIL OF . — Mespilodaphne pretiosa 

• {Ocotea pretiosa) is a Brazilian plant belonging to the natural order 
Lauracece, It is a native of Rio Janeiro and Minas Geraes, and is 
known locally as Priaprisca, The branches of the tree yield 

• about 0*6 per cent, of a very fragrant essential oil having a 
cinnamon odour. This oil has the following characters : — 


Specific gravity . . . . 0 891 

Optical rotation . . . . 20' 

Refractive index .... 1-4690 

Esters, as linalyl acetate . . 4-65 per cent. 

• Total alcohols as linalol . 51*8 ,, 


Laloue {Bull. Soc. Chim.y 11, 602) distilled 25 kg. of the wood, 
from which he obtained 0-69 per cent, of oil. This oil had an odour 
recalling that of rosewood and cinnamic alcohol. It separated 
during distillation into a heavy and a light oil. The benzoic acid 
esters of gcraniol and linalol were found to be present. 

^chimniel Oo. have examined the oil distilled from the bark 
(Report, April, 1913, 76), and found it to have a specific gravity 
1*1200, and refractive index 1*5271. It contains the sesquiterpene 
caryoi^hyllene and 65 per cent, of bodies soluble in solution of 
caustic alkali, which consists either of phenols or lactones or a 
mixture of these bodies. 

METHOXY-ACETOPHENONE.— This body is anisyl- 
methyl ketone, having a fine (loral odour. Its hydroxy derivative 
is pajoriol, an odorous compound occurring in some of 
the xanthorrhoea oils (q.v.), and which has been synthesised by 
Hoesch (Berlchte, 1915, 48, 1122). 

METHOXY-BENZOIG ACID.— This body, also known as 
anisic acid, has the constitution C6H4.OCH3.COOH. It is found 
in aniseed oil and in Tahiti vanilla beans. It is a crystalline com- 
pound melting at 184°. It forms aromatic esters, such as methyl 
anisate (q-v.), which are of value in perfumery. 

METHOXYrCINNAMIG ALDEHYDE . — ^This body, which 
is also known as or/Ao-eoumaric-aldehyde methyl ether, has the 
constitution C6H4(CO.CH3)(C.CH : CH.CHO). It is present to a 
very small extent in cassia oil, from which it separates as a 
crystalline substance melting at 45° to 46°, and boiling at about 
295°. The isomeric pam compound is present in oil of tarragon, 
and is«a liqmd boiling at 170° at 14 mm. The latter compound 
also occurs in the essential oil of the root of a variety of ^hlorocodon 
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(Ooulding and Pelly, Proc. Chem. Soc,, 1908, 24, 62 ; Friedlander, 
Mdhat^hefle, 1909, 30, 879). < 

METHOXY-PHENYL ACETONE.— This body is also 
known as anise ketone. It is a liquid, of the formula CjoHigOg, 
of specific gravity 1-095 at 0^, and j^oiling at 263”. It yields an 
oxime melting at 72”. It occurs in oil of fennel.' It has an odour 
recalling that of aniseed. 

METHYL-AGETOPHENONE.— Pam-methyl-acetophenone 
is a ketone of powerful lioral odour, also described as methyl-pam- 
tolyl ketone. Its formula is CH 3 .CcH 4 .CO.CH 3 . It is ^manu- 
factured by adding acetyl chloride to a suspension of powdered 
aluminium chloride in i)erfectly dvy toluene. The addition must 
be gradual, the tem})eraiare must be kept low, and the liquid 
must be well agitated during the operation. When no more 
hydrochloric acid gas is evolved, the reaction mass is poured on 
ice water containing a little hydrochloric acid, the oily layer 
separated, washed first with water, then with dilute caustic, aad 
dried and rectified. The jiroduct is a colourless liquid of specific 
gravity 1-0062, boiling at 220 ”, f>r at 128” at 22 mm. pressure. Its 
odour is very fragrant, and it is used as tlui basis of artificial 
mimosa perfumes, and also in cassie bouquets. 

METHYL-AMYL-CARBINOL.— See “ Hcptyl Alcohol.’^ 

METHYL-AMYL-KETONE.— This ketone has the formula 
CH 3 .C 0 (CH 2 ) 4 CH 3 . It has been isolated from the oils of cinnamon 
bark and cloves. It has a specific gravity 0-826, and boils at 151” 
to 152”, It forms a semicarbazone melting at 123”. 

METHYL ANISATE.— Methyl alcohol forms an ester with 
anisic acid, of the formula CgH 4 (OCH 3 )(COOCll 3 ). It forms well- 
defined crystals melting at 44” to 45”, and having a fine chervil 
odour. It recalls the aromatic herb Anihrimts cerefolium. It is 
used in artificial flower perfumes, especially in conjunction with 
anisic aldehyde in hawthorn odours. 

METHYL ANTHRANILATE. — See AnthraniUc Acid 
Esters.^’ 

METHYL BENZOATE. — This synthetic product is also 
known as oil of Niobe. It is a highly fragrant ester, occurring 
naturally in the oils of tuberose, ylang-ylang, and other flower 
oils. It has a specific gravity 1-1026, refractive index 1*5170, 
and boils at 199”. It is prepared by passing a current * 0 ! dry 
hydrochloric acid gas into a solution of benzoic acid in methyl 
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alcohol, or by heating equal parts of sulphuric acid, benzoic acid, 
and methyl alcohol under a reflux condenser for two hours. Its 
formula is C^HgCOO.CHg. It is a favourite constituent of per- 
fumes of the Peau d'Espagne type, and is present in artificial 
ylang-ylang and similar oils. 

METHYL CAPRINATE.— This ester, CH 3 (CH 2 ) 8 COOCH 3 , 
is one of the most recent synthetic perfumes, being very expensive 
a^d very powerful. It has a fruity odour, and may be used in 
very minute amounts for giving a special note to flower bouquets. 
On saponification it yields caprinic acid, melting at 31® to 32®. 

METHYL CAPRYLATE.— This ester, CH 3 (CH 2 )eCOOCH 3 , 
is similar in characters to methyl caprinate. On saponification it 
yields caprylic acid, melting at 16® to 17®. 

METHYL-CHAVICOL.— See “ Estragol. ’ 

METHYL CINNAMATE. — Methyl cinnamate is found 
nsjij/urally in various balsamic products. Its composition is 
CfiHg.CH : CH.COOCH3. It is a crystalline substance having the 
following characters : — 


Specific gravity at 40® . 
Refractive index at 35®. 
Melting x^oint 
Boiling point 


1*0663 

1*5682 

34®-3r>® 

256® at 745 mm. 


It is prepared by the condensation of methyl alcohol with 
cinnamic acid in the presence of hydrochloric acid. It' has a 
sweet fruity odour, which to some extent recalls that of the 
strawberry, and has also very strong fixative properties. 

METHYL-COUMARIN. — ^Bailey and Boettner {vide P. da 
E, 0. P., 1921, 407) have shown that methyl-coumarin can be 
obtained in a yield of 50 i)or cent, calculated on the malic acid, 
by the iSiteraction of mejJa-cresol and malic acid in the presence of 
sulphuric acid. It has almost the same perfume value as coumarin 
(j.t?.) and is less toxic. 

METHYL -DECINE CARBONATE. — ^This body is a S3ni- 
thetic having a somew^hat “ waxy ” floral odour, and is useful 
in the compounding of many floral perfumes. (See under “ Hep- 
tine Carbonates.”) 

METHYL -DUODECYL ALDEHYDE.— This aldehyde is 
one of. the recent additions to the modern synthetic perfumes, and 
is of an intense floral and fruity odour. It is a liquid, of the for- 
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mute CiaHgeO, boiling at 112^ to 113° at 12 mm. It is prepared 
by* the condensation of nonyl-methyl ketone with bromacctic 
ester in benzene solution in the presence of zinc. Ihe condensa- 
tion is carried out as in the case of m(‘thyl-nonyI aldeliyde (?.«?.), 
the quantities nec€*ssary being as follou s : 1 -54 kg. of noiiyl-methyl 
ketone ; 1-67 kg. of bronuK*etic ester ; 1 kg. of zinc activated 
with co])per ; and 2 kg. of benzene. (Sec Levinsohn, P , E. 0. i?., 
1924, 79). 

METHYL-EUGENOL.-— This ether of engenol, of the formula 
found naturally in the essential oils of citronella, 
JapaiKNc calamus, bet<‘l nut, bay, and numerous other essential 
oils. It is also prepaicd artificially by tlie action of methyl 
iodide on engenol sodium Jt ))ossesses a very delicate odour, 
resembling that of (nigc'nol, and is a useful adjunct to perfumes 
of the carnation type. Its characters art' as follows : — 


Specific gravity 
Kef! active indc.x 
Toiling j)oint 
()])tical rotation 


1-040-1 -043 
1-5340 1-5395 
248° 

0 ° 


It is characlcris(Hl by the formation of voratric acid 
C 6 H.j(('()OIJ)(()(dl,j) 2 > melting at 179° to ISO ’, when 6 grams of 
mcth;vl engenol are oxidised with a solution of 18 grams of 
potassium ])ermanganate in 400 c.c. of water. 


METHYL-HEPTENOL.^This body is an alcohol occuiTing 
in both C\i>cnne and Mexican liiialoc oils. It is an oil of delicate 
rose odour, oi the formula It is prepared artificially by 

the rc'duction of methyl dieptenone. It has a specific gravity 
0-85S ; o})tieal rotation, — J® 31' ; refractive index, 1-4495; and 
boiling point, 179" to 180°. 

An alcohol of the same formula, wliicli is identical or isomeric 
with tlie above, results from the interaction of aceto-butanol and 
ethyl magiicsiuin iodide. It boils at 92° to 94° at 15 mm., and 
has a ros('-geranium odour. Its acetate has a similar odour 
(Bogert and Slocum, Aincrkan Perftmer, etc,, xviii., 12, 021). 

METHYL-HEPTENONE.— This ketone, is found in 

lemongrass and other essential oils. It is a liquid of speoifio 
gravity 0*855 to 0-865, according to its source ; refractive index 
about 1-438 ; and boiling point about 173° to 175°. Its odour is 
fruity, recalling isobutyl and amyl acetates. It fdims a^semi- 
carbazone melting at 137° to 138°. It is obtained as a by- 
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product in ioflOne manufacture, and ii? used to some extemt in 
, soap perfumery. • 

METHYL-HEPTINE CARBONATE.— See “ Heptine Car- 
bonates.” 

« 

METHYL HEPTOATE. — ^This ester is one of the more 
recent additions to the list of artificial perfumes. It has the 
fgrmula CH3(CH2)5COOCH3. It has a powerful fruity odour, 
and may be used in very small amount in floral bouquets. On 
hydrolysis it yields a liquid fatty acid. 

MEtHYL-HEPTYLENE CARBINOL.— This body, of the 
formula C9II18O, results from the reduction of methyl-heptylene 
ketone by means of sodium and alcohol. It is an oil with a delicate 
rose odour, and has a specific gravity 0*8515 ; optical rotation, 
0® ; refractive index, 1*4458 ; and boiling point, 186° to 187°. 

METHYL HEPTYL KETONE.— This ketone, CII3.CO. 
(0112)3.0113, has been found in otto of rose and in oil of cloves. 
It has a specific gravity 0*835, and boils at 196°. It yields a semi- 
carbazono melting at 119°. 

METHYL-HEXANONE. — This ketonic compound, C^HigO, 
is a natural constituent of pennyroyal oil. It is a highly aromatic 
liquid, having the following characters : — 

Igo 

Specific gravity . . . O' 911 at 

Boiling point .... 167-168“ 

Optical rotation . . . -f-ll“2r 

METHYL-INDOL.— See “ Skatol.” 

METHYL-IONONE.— See “ lonone.” 

METHYL-ISOEUGENOL.- -This body, of the formula 
CuHi 402 , bears the same relationship to niethyl-eugenol as 
isoeugenol does to eugonol. It is found naturally in the essential 
oil of Asarum, arifolium, and is obtained artificially by the action 
of methyl iodide on isoeugenol sodium, or by isomerising methyl 
eugenol by means of hot alcoholic potash. It is an oil of carnaiion- 
like odour, having a specific gravity 1-062 ; refractive index 
1-5720 ; and boiling point, 263“. On oxidation it yields veratric 
acid, melting at 170° to 180°. 

MEf^THTL ISOVALERIANATE.— This ester, CiHs.COO. 
CjqPj,, is found in American oil erf peppermint. It can be prepared 
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by heating menthol with isovalerianic acid and sodium 
aoetfl-tc. It is a fragrant oil, having the following characters : — ^ 
Specific gravity .... 0*907~0*908 

Optical rotation . . . . — 56° 30' 

Refractive index .... 1*4486 

METHYL LAURINATE* — This ester, of the formula 
CH3(CH2 )io-C()OCH 3, is one of the i)owerful fatty acid esters, 
used in the same manner as, for example, methyl heptoato 
On hj’drolysis it yields laurinic acid, melting at 43° to 44°. 

METHYL MALONATE.— This substance is prepared by 
treating potassium cyanaeetate with methyl alcohol andthydro- 
ehloric acid It is a liquid of the formula CH2(OOOCH3)2, boiling 
at 181°. On hydrolysis it yields malonic acid, melting at 132°. 
It has a powerful fruity odour, and is used in the same way as the 
esters of the normal fatty acids, such as methyl heptoate (q.v,). 
If more than mno traces of tliese “ fruity ’’ esters be used in the 
preparation of floral bouquets, the odour, instead of having a fine 
special note ” of its own, becomes repulsive. • 

METHYL METHYLANTHRANILATE.— This body is very 
similar in odour to methyl anthranilotc. Its constitution is 
CcH4(NlLCH3)(('().OCll3). It is a highly odorous substance, with 
a powfulul fluorescence. Its odour resembles thaf of neroli oil. 
It is a crystalline substance, melting at 18*5° to ]9*5° ; of specific 
gravity 1*1238 at 20° ; and refj*acliA(‘ index, 1*5796. It is useful 
in compounding artificial oil of lu roli. 

METHYL NAPHTHYL KETONE.-^ Ihero arc several 
methyl naphthyl ketones know n, ol \\l]i( h that denominated aceto** 
naphthone rjoH7.CO.CH3 is formed by the condensation of naph- 
thahme and acetyl chloride in the presence of aluminium chloride. 
This body melts at 34° and bods at 295°. Jt is a white crystalline 
j)Owd(‘r, liaving an odour of orange blossom, and is a xiseful 
ingr(Hli(Mit and fixative in cau de Cologne. (See also Aceto- 
uajdithone.”) 

METIIYL-NONENE-OL.— This alcohol results from the 
interaction of acetobutanol and w-butyl magnesium iodide. It 
boils at 109° to 1 1 1° at 11 mm., and has a fine floral odour (Bogert 
and Slocum, American Perfumer, etc., xviii., 12, 621). 

METHYL-NONYL ALDEHYDE.— There are two ten- 
carbon fatty aldehydes used by perfumers of the formula C10H2OO. 
Of these, one is normal decyl aldehyde {q.v.), and the other is 
6-mothyl-nonyl aldehyde. The latter substance is similar in 
characters to other members of the higher fatty aldehyde seri^ 
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(pee ‘‘ Aldehydes, Higher Fatty *'), and with its intense floral- 
•fruity odour requires great care and restraint in its use, as m6re 
than- traces will ruin any composition into which it enters. It 
is prepared by the condensation of bromacetic ethyl ester (ethyl 
•bromaeetate) with methyl hexyl ketone in the presence of zinc, 
with the further reactions as described below. 

Ethyl bromacetatc is prepared by heating glacial acetic acid 
\^fth 5 per cent, of flowers of sulphur and, when the mixture is 
boiling, adding bromine gradually (2*4 kg. of bromine per kilogram 
of acetic acid), and csterifying the monobromacetic acid with 
absolute alcohol and a little sulphuric acid. 

To perform the preliminary condensation, it is advantageous to 
render the granulated zinc to be used active, by means of a trace 
of copper clectrolytically deposited thereon, by warming the zinc 
for a few minutes with a solution of copper sulphate. The 
bromacetic ester (5,840 grams) is mixed with methyl hexyl ketone 
(5,000 grams) and benzene (7,000 grams). The mixture is heated 
to '*100° and the zinc added in portions of about 200 grams until 
3,000 gfams have been added, great care being observed that the 
temperature is well regulated, or the reaction will take place with 
great violence. After all the zinc has dissolved, the mixture is 
heated for a further half hour, and then poured on to ice water 
and acidified with hydrochloric acid. The product of the reaction 
is in the benzene layer, which is separated and well washed with 
water and with dilute sodium carbonate solution, dried over 
sodium sulphate, and rectified tn vacuo. The fractions should be 
collected as follows (Lewinsolin, P. db E. 0. R., 1924, 44) : — 

(1) Below llO'" at 12 mm. (benzene and unaltered Icetone). 

(2) 111° to 125° at 12 mm. (mixture of hydroxy ester and 
unsaturated ester). 

(3) 126° to 145° at 12 mm. (hydroxy ester). 

(4) 14<)° to 160° at 12 mm. (over-condensed product). 

Fractions (2) and (3) are ref ractionated , and jield about 300 

grams of unsaturated ester and about 4,100 grams of the desired 
hydroxy ester. 

The hydroxy ester is formed according to the following 
reactions : — 


CcHis.CO.CHa + BrCHgCOOC^Hg + Zn 


Methyl hexyl ketone 


Bromacetic ester 

CeHi; 

CH 


X 


OZnBr 

CH,COOC,H, 


Organo-zinc oompoa:^ 
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This organo-zinc compound reacts with a molecule of water and 
becomes the necessary hydroxy ester > 

C«Hi 3 x /OH 

CH3/“\CH,C0002H5, 

y.inn oxide and hydrobromic acid being formed. 

This ester is now dehydrated, by, for example, passing its 
vapours over aluminium oxide lieated to 340° in an earthenw^e 
tube. Water is evolved ami />-]\iethyl-h-hcxyl-acrylic ethyl ester 
is formed, of the formula 

>C : CH.C0()C.,H6. 

OH/ 

This is reduced, and riMjMilts in the ethyl ester of methyl-nonyl 
alcohol 

0«Ul3\ 

CH 3 / - - - 5 

and the free aleoliol, deprived of 2 atoms of hych-ogen, becomes 
methyl-iiony] aldehyde 

>CH.CH...C110. 

01 - 1 / 

It is a powerfully tirouiatie litjuid, boiling at 99^^ to 100° at 
12 mm. 

METHYL NONYLATE.— This osier, ( 'Hjj(CIl2)7COOCH3, 
is one of the powerful fatty acid esters, of strong fruity odour, 
used in the same manner as methyl iioptoate {g.v.). On hydi'olysis 
it yields nonylic acid melting at 12 to 13°. 

METHYL-OCTINE CARBONATE.-This body has a line 
violet-leaf odour, and is ol considerable value in artificial violet 
bouquets, (Sec H(q)tine Carbonates.*') It has a specific gravity 
about 0*923, and boils at 122*^ at 19 mm. 

METHYL para -TOLYL KETONE.— See ‘ Methyl-aceto- 
phonono.'* 

METHYL PHENYLACETATE.— This ester is a most valu^ 
able synthetic perfume. Like its parent acid, phenylacotic acid, 
it has a sweet, honey dike odour with a suggestion of musk. It is 
the basis of many of the perfumes bearing the name “ Eglantine.'* 
The ester, of the formula C3H5.CH2.COOCH3, is prepared, either 
by the direct esterification of phenylacetic acid or by the direct 
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esterification of benzyl cyanide. If the former process be used, 
^the following details should be observed. One part of phenyl- 
acetic acid and 1 part of absolutely anhydrous methyl alcohol 
and 15 to 20 per cent, of concentrated sulphuric acid are heated 
* under a reflux condenser for twelve hours. The liquid is decanted, 
washed with water, then with solution of sodium carbonate, and 
finally rectified in vacuo. Or 1 part of benzyl cyanide, 1 part of 
nipthyl alcohol, and 0*5 part of concentrated sulphuric acid are 
heated under a reflux condenser for forty-eight hours. Sulphate 
of ammonia is deposited, and the ester is purified by distillation 
in vacm^ It has a specific gravity 1-070, refractive index 1-5060 
to 1-5070, and boils at 220"^. Ethyl i)henylacctate (q*v,) is very 
similar in odour, and is prepared in the same manner. Its specific 
gravity is 1-0368 ; refractive index, 1*401) ; and boiling point, 228°. 
Butyl phenylacetate is also prepared in a similar manner. Its 
odour is very fine, and it is in most of the perfumes bearing the 
name “ Ideal.’’ It has a specific gravity 0*997 ; refractive index, 
1-4^90 ; and boiling point, 260°. 

METHYL PlIENYLPROPIONATE.— Phenylpropionic or 
hydrocinnamic acid forms a methyl ester, O^^H^.CHg.CIlgCOOCHg, 
when cinnamic acid is reduced by sodium amalgam, and the 
resulting acid is esterified with metliyl alcohol in the presence of 
a diluted mineral acid. Hie ester is an oil of sweet odour, 
resembling that of the i3hen3dacetic esters. It is very useful in 
floral bouquets. 

METHYL PHTHAL ATE. —This ester has no legitimate use 
in perfumery, but is sometimes used as an adulterant. It is what 
is known as an ‘‘ artificial ester ” in oils which contain naturally 
occurring esters. (See “ Esters, Artificial.”) 


METHYL SALICYLATE.— This ester is practically iden- 
tical wWi the natural essential oils of wmtergreen and sweet 
birch. It is usually known as artificial oil of wdntcrgreen. It is 
prepared by the condensation of methjl alcohol with salicylic 
acid in the presence of a little sul])huric acid. This ester, 
CeH 4 (OH)(COOCH 3 ), is a highly refractive liquid having the 
following characters . — 


Specific gravity . . . . 1*1815 

Boiling point .... 224° 

Melting point . . . . 9° 

Ref";active index . . , 1*5375 


On hydrolysis it 


yields pure salicylic acid. 
461 ♦ 
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(jomidemble extent as a perfume flavour for tooth pastes and 
washes, and for flavouring certain types of chewing gum. In^ 
small quantities it is useful to modify the odour of flower bouquets. 
Ethyl salicylate {q.v,) is very similar in all its properties. 

METHYL VALUES OF ESSENTIAL OILS.— The amount ' 
of the methyl radicle CtTg present in essential oils is very variable, 
and its detenninatiou is sometimes useful. The methyl value^is 
understood to Ix^ the amount of “ methyl 01X3 expressed in 
milhgrams ohlained from 1 gram of the oil. I’hc determination is 
carried out as follows : — 

From 0‘2 to 0*3 gram of the oil is heated on a glycdifne bath 
with 10 c.c. of })ure hydriodic acid (specific gravity, 1*7) in a 
flask having a capacity of 30 to 35 c.c., at the same time a current 
of carbon dio\ id(' being passed thrcaigli the mi \ture. Hie alcoholic 
iodide is made to bulibic successively through water and water 
containing red phosphoius in suspension, the tube being main- 
tained at a lemfXTatuie of 70"^, and finally led info a flask con- 
taining 5 c.(‘. of silver nitrate solution (40 ])er cent.) and 50 c.c. 
of alcohol (1)5 })er cent.). The carbon dioxide, before escaping 
from tlio apfiaratus, passes through a separate flask containing 
1 e.o. of silver nitrate solution and 10 c.c. of alcohol. After two 
hours tJie argentic solutions ai’e mixed, decanted, and the jirecipi- 
tate is waslxxl three or lour limes by decantation with 25 to 30 c.c. 
of water. Suflicient wafer is added to the liquid to produce 
300 C.C., 10 drops of nitric' acid are added, and the mixture is 
heated on a boiling winter batli to remove the alcohol, the amoimt 
being then completed to 300 c.c. by the addition of boiling water. 
The first precipitate* is heated with 20 c.c. of nitric acid, followed 
by decantation, whereupon both pre'cipitates are collected on a 
tared double filter, washed, and dried at 120'' C. The weight of 
the residue, multipluxl by 15 and divided by 235, indicates the 
amount of me^liyl ie]>resenlod by the i)recipitate of silver iodide 
calculated for I gram of oil. 

MIGNONETTE. The popular flower known as mignonette 
(Fr. little darlivg) is Ec^eda odorala, one of some twenty or more 
species of reseda belonging to the natural order Eeacdacece. It id 
said to have been introduced into England about the middle of 
the eighteenth century, and in 1752 was being cultivated in the 
Botanic Gardens at Chelsea. The plant is cultivated on a fair 
scale in the south of France, where its flowers attaima much finer 
fragrance than do those grown in England. Tlie flowers are*treated 
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«dtlx volatile solvents, and are also subjected to the enfleurag^ 
process. The essential oil, which is only obtained to the ext^fit 
of about 0*002 per cent., has been prepared by Scliimmel <£? Co. 
{Report, October, 1893 ). It is a semisolid substance of intense 
floral odour, but is rarely met with in commerce. The oil obtained 
by distillation of the petroleum extract of the flowers has been 
examined by von Soden and found to have a specific gravity 
0*^1 ; optical rotation, + 31 ° 20 ' ; acid value, 16 ; and ester 
value, 85 . Messrs. Schmmel <0 Co. also obtained 0*035 per cent, 
of essential oil from tlio fresh root of the mignonette plant. This 
root oil ^8 an unpleasant odour, recalling that of radishes. It 
contains phenyl-ethyl thiocarbimide. Its specific gravity is about 
1 * 085 , and optical rotation + V 30 '. 

Most of the reseda perfumes sold to^ the public are mixtures 
of natural mignonette with artificial perfumes. There are no 
artificial perfumes having an odour really resembling reseda, so 
that such mixtures are really the true reseda perfume “ improved ’’ 
— oj modified — by synthetics. Ethyl-decine carbonate (q.v.) is 
one of the most characteristic of these, and there are also used 
homologues of phenyl-ethyl alcohol, methyl hexyl ketone, and 
traces of duodecylic aldehyde. Numerous formulae are to be 
found in the usual books on j)ractieal perfumery, but in all cases 
the greatest care should be taken to use these powerful synthetics 
with restraint, usually in far smaller quantities than recommended, 
or the very delicate reseda perfume will be turned into a vulgar 
and objectionable substance. Keseda geraniol, obtained by dis- 
tilling geraniol over the flowers, is a commercial article. 

MIMOSA. — See Acacia.’’ 

MINT OILS. — ^There are several species of Mentha other than 
those from which the peppermint oils of conamerce are produced. 
The latter oils will be found described under peppermint ’’ oils. 
The chiet of the other mint oils is that known as “ spearmint.” 
The essential oil known under this name i^ distilled from plants 
of different botanical origin, according to the country of distilla- 
tion. The plant generally used for the distillation of spearmint 
oil in Great Britain and the United States is Mentha viridis L. 
{Mentha spicata), of which several varieties exist. In northern 
Amterioa the principal variety distilled is M. spimta var. tenuis, 
whilst in England it is M, spicata var. trichoura. In Germany, 
M.crispa and M. longifolia var. undidata are the principal plants 
distilled. A Russian spearmint is M. vertkillata var. strabala, and 
probably M. verticillata var. ovalifolia, 
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E, M. Holmes (P. ds E. 0. B., 1911, 107) gives the foDowmg 
ac^jotint of the plant ^ 
**Thc oil of spearmint of commerce appears to be chiefly 
produced in the States of New York and Michigan, in North 
America, from a plant which has been identified as Mentha viridis^ 
L. There is, h(jwever, the probability that the same species or 
varifity is not always employed, since tliere are two plants culti- 
vated in gardeUvS in tins country under the name of spearminillOT 
garden mint. 

“ An oil distilled by Messrs. Pritschc Bros., from a spearmint 
cultivated in tiicir factory ground at Garfield, in Nw Jersey, 
was stated by them to liave an odour (piite different from that 
of the (M)mni(‘rcial oil, recalling that of carvone, and having a 
spe(‘ific gravity of 0-980, that of Moilha viridts being 0-920 to 
0*940. This diffcTcncc wighf In* due to the time at which the oil 
was diddled (/ ( , when the plant wdh in flower, in July), but it 
is not certain that this was the ease, although an oil distilled from 
the same plant in Octnf)er had a loss delicate odour and its specific 
gravity and roiatoiy pow(T were Iowtt. 

Tlie plant used in Cierrnany to pioduee spearmint oil (known 
as KruusvinurMcl or euiled mint oil) is Mcvfha cr/spa, which is 
now r(*gard(‘d as a vaiiety of Matiha aqnatlca, I'liis mint is chiefly 
cuItivate(J as a iK'rh for medicinal purposes, and the oil is prepared 
in comparatively small f|uaritity from the waste obtained in 
drying the heib for the market. The difference between the 
German and American oil is not sufficient to be distinctive, and 
the oils are considered to bo practically identical (Parry). 

1 he oil distilled in this country, which is more expensive than 
the others, is stated to ])c preparcal from Meyitha vifidis, 

“ A Pussian oil of spearmint, which has occasionally been 
ofTered. is bidieved to be distilled from Meniha aqvatica, its specific 
gravity being 0-880 to 0-890, which is that of M. aqu^tka. It 
differs from spearmint oil in odour and contains only 6 to 10 per 
cent, of carvone, as against 56 per cent. (35 to 45 per eent.—Parry) 
in ordinary sjiearmint oil, but it contains 50 to 60 per cent, of 
Winalol. This oil is said to be distilled in Russia in large quantities, 
but chiefly for home consumption. 

The odours of mints arc quite as variable as those of the roses^ 
but more difficult to describe, and the plants themselves v^ry 
much in odour in different varieties of the same species, and the 
• same or a very similar odour may occur in differentepecies. The 
species in which the spearmint odour occurs, more or less modified, 
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tat jsrfjill recognisable, are Mmtha syhestrk and its varieties 
^emoTom and molUssima, and longifolia, M, alppecuroides, Jfef* 
oardiaca^ M. aquatica var. crispa^ Benth., and M . javanica, Bonth., 
which is probably a form of 31. arvensis, and some forms of Mentha 
Canadensis, 

Mint has been used from the earliest times. The mint men- 
tioned in the Scriptures is believed to be Mentha sylvestris, which is 
stii extensively cultivated in the East, and this is probably the 
plant which was chiefly used by the Romans, since it is called in 
the time of Gerarde (a.d. 1633) Meritha Romana and 3Ientha 
Saracenivi. It is remarkable that, whilst Gerarde also calls it 
spearmint, he describes it as having hairy lea\‘es, whilst tlie spear- 
mint of the present day, Mentha virldk^ has glabrous loaves ; and 
Dodoens, who wrote still earlier (1616), also describes it under the 
same names and as ‘ right ’ garden mint, and states that the leaves 
are long, narrow, white, soft and hairy, almost like willow loaves, 
but larger, and the illustration he gives corresponds well with the 
fortA of Mentha sylresiris called longifolia, in tlie shape of the 
leaves and in the dense cylindrical flower spikes. Quite recently 
I have observed the hairy Mentha longifolia growing abundantly 
in a meadow near Dawlish, in Devonshire, intermixed with the 
smooth-leaved garden mint, M, viridis, both apparently quite 
wild. Indeed, it is probable .that M, longifolia is the older form, 
and that M. viridis is derived from it. 

“ When the present glabrous or hairless form known as 3Ientha 
viridis came into use is not clear, but Sir John Hill, in his ‘ Herbal * 
(1716), says that it is a native of Germany, and not of this country, 
so that it may have been introduced into England about that date. 

“ Several, and at least four, species of garden mint w^cre culti- 
vated in the Middle Ages. 

‘‘ In the ‘ Capitulary ’ of Charlemagne (a.d. 812) 3Ientha, Menth- 
asirum^ md Sisymbrium are mentioned, and these are respec- 
tively identified in Latin dictionaries as garden mint, wild mint, 
and water mint. In the WTitings of the Abbess Ilildcgardo in 
1160, Backmintze (brook mint), 3Iintze 7najor, Bossmintze (red 
mint), and Romische mintze are mentioned. It is difficult to 
determine which of the species now known to us were intended, 
but there is little doubt that the Roman mint was a form of 
Mentha sylvestris, the rod or rossmintze was our Mentha ruhra^ 
Mintze major was probably M, crispa, and the Backmintze was 
probabljf Mentha aquatica. Fuchs in 1543 describes and figures 
a mint under the name of Mentha hortensiSi or Herz-kraui, and 
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Morrison, in his ‘Historia Oxoniensis’ (a.b. 1699), figures the* 
satne plant under the name of Mentha horiensis verticillata, Ocimi^ 
odore, Parkinson includes the same plant with spearmint, under 
which name it was cultivated in gardens in his day. This plant 
is now known as Mentha canHaca, and is still cultivated in garden^ 
as the true garden mint, especially in Wiltshire and Somersetshire, 
and in some pai-ts of Kent. 

*'By the old herbalists it was considered inferior to Me^ha 
viridiH as a iebrifuge, but as a stomachic and cardiac it was 
believed to Ix' su]>eiior, whence its nam(\ Judging from its odour 
it pr()b,‘\bly ccuddins some* othcj* constituent than carvoig^, and the 
acetate of di-liydrocumiiiie alcohol, to which Elze has shown 
that th(‘ cJiaract(uistic odour of spearmint is due {Ghcm, Zeit,^ 
3911, 1175). It w'onid he interesting to asct'riain what the con- 
stituent of tli(‘ oil tliat modili(‘R the spearmint odour may be, and 
wlu'tlier it })ossess(\s aiu action as a heart stimulant. From its 
close resemblance in a|)j)ear<ince and odour to ordinary spearmint, 
wlien not in llowi*!*, it is quite possible that the oil of this plant 
might at any time ajipear in ecunmeree as tliat of spearmint, so 
that an exaiuination of it is desirable. Jt is remarkablo that, 
although the other mints fornuTly cultivated in gardens, 

Mentha sbvs*, Alcntha rabra, and Mentha rotumhJoUa (w^bich I 
is probiihly the Mentha (rispa of the (»ld writers), are now found 
only in a wiM state near villages, jet the Mentha cardiaca is still 
cuhiv nt(‘d ami replaces in many gardims the Mentha viridia of the 
PharmacofKcia.’’ 

Sp<Mimint is distilled to a considerable extent in the United I 
States, \vh('ie it known as “ green mint ’ The American oil and j 
the (Jeinian oil (w huh is known as tor/) are practically / 

itlentieal in (.*]jaTM('l('is, whicii are as follows - i 


Spec die gravily 
Opt Kvd rotation 
Ihiiacti\e indf‘X 
Esttr value 
('’arv^me content 


(C920~0*940 
- 34^ to 52'^ 
1*4820-1 *4890 
18-30 

38 '-05 j>er cent. 


Oils iii'o oc'caMoiuilly fcmiid wliich do not comply with these 
InnKs. S,himwcl a- Co diKtillcd an oil in Onrlleld' N.J., which 
had a spccih'c gravity O-PSO. 

Enghd. hpcarmuit oil does not differ greatly from the American 
Oil, but is, perha])s, rather more delicate in odour. 

Austrian oil differs from the above-described oils in containinir 
as much .-rs 60 to 72 per cent, of coi-vone. ' ^ 
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Jtusaian oil is distinguished by a high percentage of linalol, 
^and a low carvone content. It cannot be used in the ordinary 
way as spearmint oil, on account of its poor odour. Its characters 
are as follows : — 

Specific gravity . . . 0* 880-0* 890 

Optical rotation . . . ~ 23"^ to — 27® 

Carvone content . . . 5-10 per cent. 

Linalol content . . . 50-60 „ 

According to Nelson, the American oil contains carvone, 
phellandrene, limonene, dihydrocarveo] acetate, and esters of 
higher f?tty acids. 

Elze {Chem, Zeif,, 1910, 34, 1175) has examined a sample of 
German oil with interesting results. After removing tlie carvone, 
he found the oil to have a mu(*li more powerful spearmint odour. 
He identified dihydrocuminic acetate as the principal odour 
bearer of the oil, and when this ])ody was saponified the spearmint 
odour disappeared. 


-9 - - 

1 



t Total 




E4urs, poi 

1 alcohols. 


j Spe^Uic gii 


1 

1— - 

j per cent. 
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1 
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, 
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- 
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1 21-4 

Dried herb. 





Budding . 

0-912 , 

, 

10-8 

1 15*7 

Flowering 

— 
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Rabat {Jour, lud, Eng, Chem,^ 1918, 10, 4, 275) has carried 
out an investigation on tho influence of external surroundings 
the yield and character of tlie essential oil. Ho gives the characters 
shown in tho iablo on p. 467 for the oils distilled from the 
materials described. r 

Water mint, Mentha nqnalica, yields an oil having an odour of 
pennyroyal ; and Mentha sylvertrk yields a similar oil containing 
much piilcgone and a little menthol. Mentha pulegium is fete 
penn3nroyal (^.r.). 


MIRBANE, OIL OF.—Oil of mirbane, or nitrobenzene 
CeHg.NOg, is a very coarse almond perfume whiclf is only 
used for very cheap perfumery work. Its odour is intense and 
somewhat irritating, and it is in no sense lit to replace the true 
almond oil or artificial benzaldehyde. It is a heavy oil, prepared 
by the direct nitration of benzene, liaving the following 
characters : — 


Solidifying ])oint 
Boiling point . 
Spi'cilic gravity 
Refractive index 


+ 5^ 
209 ^ 
1*2060 
1-5520 




On mhidiun with iron nuns', s iiiid acetic sicitl, nitrobenzene 
yields aniline. For the fh'teetion of snull ijiiaiitities of mirbane 
oil, see “ Nitro Comisoiiiuls, Dcls'ctioii of ’ 


MOCK ORANGE.-Seo “Rjriaga.” 

MONARDA, OILS OF,- -A number of species of Monarda 
yield essential oils which arc of intero.st to the perfumer. Of these 
the most fragrant is that distilled from Momtnla citriodora, which 
is known in North America as the lernou mint. It is found in 
Illinois, westward to Nebraska and soulliward to Texas. The 
dry llowering herb yields about 1 per cent, of oil, which has been 
examined by I5raud(>l {Pharm. Re>\, l!t04, 23, 153). It is% reddish 
coloured li(iui(J with an odour resembling that of lemon. Its 
si)ecific gravity is ()-947 to 0-905. The pi-incipal constituent of 
the oil is (he phenol carvacrol, which is ])re,scnt to the extent of 
66 to 80 per cent. Traces of thymol are probably also present. 
Thymohydroquinone is present, and fiom 1 to 4 iror cent, of 
citral, which accounts for the lemon-like odour. Mmaria, 
didyma yields a small amount of essential oil, which has also been 
investigated by Brandol (Pharm. Rev., 1903, 21, 109). THi© 
previous statements in regard to this oil (Arch. der*Pharr»., l^TS, 
218, 488)fwerc probably based on the examination of the 
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from another species of Monarda, and neither thymol nor carvacrol 
pwas recorded as present in the oil. The following are Branefers 
results : — 



1. 

2. 

3. 

4, 

6 . 

' Sjq^cific gravity . 
Kotation 

0-9055 

0-8786 

0-8855 ; 

0-8665 

0-8740 

-10° 

— 24° 36' 

— 32° 38' 

-7° 30' 

— 16° 45' 

Refractive index . 

— 

1-4676 

1-4689 

1-4689 

1-4674 

Ester value . 

— 

”” ! 

20-4 

4-4 

6-6 


Sample No. I was distilled from the dry herb ; No. 2 from the 
half dried herb ; No. 3 from the nearly dry steins and leaves ; 
No. 4 and 5 from half wilted flowers. 

The oil has a sweet balsamic odour, recalling that of lavender, 
with a suggestion of rosewood and amber.- 
Monarda punciaia, the American horsemint, yields an essential 
oil havuig a strong thyme odour. It contains about 60 per cent, 
of thymol. Monarda fisiidosa yields an oil rich in carvacrol. 

MONOACETIN. — This ester, the monoacetie ester of glycerine, 
is used, either as such or as a constituent of impure ‘‘ acetin or 
triacctin,” as an adulterating artificial ester, in essential oils 
which contain natural esters. It has no legitimate use in 
perfumery. (See “ Esters, Artilicial.) 

MONODOR A OILS. — ^Thc seeds of Monodora myrktica 
(called Owere seeds in West Africa), known also as the cala- 
bash nutmeg, yield about 0 per cent, of an essential oil which 
consists mainly of terpenes, but which has a lemon odour. Two 
samples examined at the Imperial Institute [Bull, hnp, Inst., 
1915, 13, 346) had the following characters : — 


SpcSific gravity . 

1. 

0-849 

2. 

0-8592 

Optical rotation . 

- 44-7® 

- 57-8° 

Acid value 

J-2 

1-4 

Ester value 

1-9 

6-4 

Ester value after acetylation 

52-9 

33-5 


The principal constituent is the terpene phellandrene. 

The seeds of Monodora grandiflora yield a similar essential oil. 

MOSLAOILS. — Several species of Mosla, plants growing in 
Japan, yield essential oils of a highly aromatic nature. Mosla 
Japonim yields about 2 per cent, of essential oil which contains 
eitor thymol or carvacrol. Some oils contain thymol, others 
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(k)ntain oarvacrol, but apparently no oil contains both phenok. 
Hdfehino (Jour. Chem. Ind. Tolio, 1919, 22| 557) gives the followii^g^^ 
as the characters of the oil : — 

Sijocific gravity .... 0*9154 

Pvcfractive index .... 1*4996 

Optical rotation . . . . + 1° 

Ester value 4*5 

Thymol . .50 per cent. ># 

He identified ])hellandrene, cymene, terpinene, caryophyllenfc^, 
cadincne, and probably sahincne. 

Mosla punctata yields labout 1 per cent, of oil of very.Jragrant 
odour, of specific gravity 0-807 ; optical rotation, 9® ; ester 
value, 16 ; and ester value after acetylation, 36*4. It contains a 
ketone which has been named mujone, and a sesquiterpene not 
yet charaotedsed. The plant knovm as Himeshiso in Japan is 
Mosla grosserata. According to Furukawa and Tomizawa (Jour. 
Ohem. Inch Tokio, 1010, 22, 382), it yields 0-24 per cent, of 
essential oil containing carvacrol, tliymoquinone, and thymohydro- 
quinone. The oil from wild plants appears to differ considerably 
in composition from the oil from the cultivated plants. 

MOTIA GRASS.- Sec aeraniiim Oil." 

MOUSSE DE CHENE. — IJio oleorosinous matter extracted 
by means (d volatile solvents from various lichens growing on 
oak and otlier trees is a fairly recent and liighly valued raw 
materia-1 in perfumery. It is known as oak moss resin " or 
“ mousse de chene," and is a resinous material of the consistence 
of a thick syrup. Not only has it a characrtcristic “ heavy " 
odour, which makes it of considerable value in the manufacture 
of heavy Oriental perfumes, but it has also a very high fixative 
vahre. The priocipal lichens used for its extraction are Evernia 
fnrfuracea, Evmiia pnmaMri, and Ramalina calicaris. Various 
species of Usnea, Alecloria, and Parmclia are also useft for its 
manufacture. By steam distillation of the oleo-resin, Gattefoss6 
has obtained a small amount of the essential oil, which has a very 
intense odour. According to Gattefosse, it consists principally of a 
crystalline phenol, melting at 72"^ to 73^, which he termed lichenol 
(g.-?;.). (See La Fcrjimc/rie Moderne, 1911, 4, 4; 1922, 227.) 
E. M. Holmes (P. do E. 0. R., 1913, 408) gives the following 
interesting account of lichen perfumes. 

“ The odorous principles of the lower, or leafless, cryptogaiijio, 
plants offer an excellent field for investigation, f hose Jtv'ho 
familiar \^th the Hepaiicoe cannot fail to notice the peoiillia^ 
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bergamot aoent of Gonocephalus conicua, a common species on the 
lahady banks of streams ; those who know the seaweeds are oMy 
too familiar with the powerful and pungent odours given off by 
Mcmospora pedicillata. and Griffiihsia coraMma, Liclienologists 
readily recognise the methylamino, or fishy odour, of Stictim 
fuUginosa and S, sylvatica, and the fungologist knows well the 
fr^rant aniseed odour of Hygrophorus agathosmua and Clito- 
cyb^odora and the foetid odour of Phallus impudicus, 

‘‘ For tlie purpose of retaining odours the common reindeer 
lichens Cladonia rangijerin and 0, sylvatica answer admirably, 
being whitish, clean, and easily dried, and abundant in open 
healthy places where the soil is moderately damp. 

“ The use of the tree lichen Pvcrihia prtvnaslri as a basis for per- 
fumes has been Icnown for some years, the lichen being sold in 
France under the name of Mousse de Chene, or oak moss: 

** Evernia pruiiastri is one of the commonest lichens on trees 
and palings wdiero the air is somewdiat moist, and at one time was 
us^d by calico printers in this country as a sii])stitute for gum in 
dressing calico, on account of the muculaginous or starchy matter 
that it yields. But it is considered to yield more fragrance when 
growing on oak tlian on other trees. It can be distinguished 
from most of tlie other lichens with wliich it grows intermixed, by 
its repeatedly forked fiat front, with slightly recurved margins, 
giving it a channelled appearance underneatlj, and by the frond 
being grey ou the outside and while on the under or vhunuclled side, 
the other species being uniform in colour on both sides. A variety 
of it, with rooting tips, is found growing on low^ sandhills near the 
sea. The fruit, which forms small brown discs on the frond, is 
exceedingly rare, the plant being propagated by soredia, or 
powdery granules wdiich become freti and give rise to new plants. 
This lichen has a fragrance which would hardly be recognised by 
an ordiiiary observer ; its odour is stated by M. Gattefoss^ to be 
due to a phenol isomeric with carvacrol, wliich he has named 
lichenol. It is soluble in a 3 per cent, solution of carbonate of 
soda or other weak alkaline solution. 

Another liclion wliich possesses a fragrance similar to that of 
Evernia jjrunastri is Lobaria puhnouaria, known in this country 
as “ Oaklungs,” but distinguished in France as Mousse de la base 
du cMne, from its growing in France more frequently near the 
base of the tree trunk, although in this country it covers chiefly 
the upper pftrt of the trunk below the lowest branches. This is 
considered to yield a more fragrant product, but being usually 
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confined to snb-alpine woods is scarcer and more expensive, it j 
is •more generally used by herbalists for medicinal purposeSj^j^ 
having a reputation as a pectoral, and for use in internal hsemor- 
rhage and in jaundice. 

“ The other lichens which grow with Evernia prunastfi, andi* 
are liable to be mixed with it, are several species of Ramalim, 
especially those having powdery soredia, such as R. farinaf^ea^ 
R, fraxinea and R. pollmaria, but all these have grey, not bro^, 
fruit discs, and are of a uniform grey colour on both sides. One 
sj)eeios of tJiis genus, R. ctihrarisy has a channelled frond, caused 
by a median dcjiressiou, but it is more rigid, and has not the white 
under surface of Evernia pTunasfri. Whether the lichens of the 
genus Ruyrtalinn yield any odorous body has not yet been definitely 
ascertained, but tliey are considered to have little, if any, so that 
at present th(^ir admixture with the Evernia primastri is lilcely to 
depreciate its valiK*. According to M. Oaltefosse, if tho Evernia 
prmmlri is extracted by volatile solvents, the product is a thick 
and not very soluble siihstance, containing chlorophyll, and aiv^sin 
which can be isolated by acetone. If this extract is distilled in 
vacuo a nnub more fragrant and colourless body is obtained, 
wliich may take a di'Iijiilc and permanent place amongst perfumes 
as a basis.*’ 

Although the use of tJiese lichens in perfumery is apparently 
orjly of rcccuit- date, th(\v liavc in fact been used from very remote 
times, and then fell into disuse. Tl]c use of various highly fragrant 
lichens in perf unit's and cosmetics is luenlioned in many works of 
tho sixteenth century, and earlier. In the examination of the 
ancient Egyptian royal tom[)s baskets filled with Evernia fur Juracea 
and Evernia prwna'^iri have been found, and in the tomb of Deir- 
el-Bahari f.\snea plicatn was also found {Ball. Jnst. Egypt, No. 3 ; 
Joret, “ ].*(‘s Pliintes dans rantiquite et au moyen age,*' Paris, 
1897, i., p. 172). * 

St. Pfau {Berichte, 1921, 57, 468) and Spath and Jeschki (ibid,, 
471) give iiiloresting details of the synthesis of methyl everninate 
which has beoji isolated (by St. Pfau) from the methyl alcohol 
extract of the lichen Evernia prunaMri. It docs not appear to 
exist as such in tlie liclien, but in the form of the free acid, which 

csterified by tlie methyl alcohol. It melts at 67*^ to 68®, and 
yields on hydrolysis the free acid melting at 170® to 171°. The. 
ester has a w eak anise-like odour. It is identical writh the so-called ^ 
eparassol, obtained in sugar solutions fermented by pure cultures; 
of Sparassus rufnosa. 
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Liohehbl is the corresponding ethyl ester. Walbaum and 
^Rosenthal {Berichte, 1924, 67, 770) state that orcinol monomethyl 
^ter is the odoriferous constituent of oak moss oil, and they have 
also isolated methyl~/?-orcinolcarboxylate. 

MUGUET.— See “ Lily.’’ 

MURRAYA KOENIGII, OIL OF.— The fruits of Murraya 
ho^igii, a plant belonging to the natural order Auraniinmee, which 
is widely distributed in the mountainous districts of the Himalayas, 
Bengal, and Ceylon, yield about 0-75 per cent, of a yellow coloured 
essential oil having an odour strongly resembling that of neroli 
oil. This, according to Gerber (Ann. de VInstitut Colonial de 
Marseille^ 6), has the following characters : — 

Specific gravity at 1 3° . . . 0*872 

Refractive index . . . 1*4870 

Optical rotation . . . . — 27° 24' 

' MUSK. — ^Musk is probably one of tlie oldest and most esteemed 
of all the raw materials used by the perfumer. It has for ages 
past been lield in high veneration by the Chinese, who also have 
attributed to it very wonderful therapeutic activity. One of the 
celebrated physicians, Pao-po-tse, advised it as a certain safeguard 
against snake bites. He stated that the musk deer fed on reptiles, 
and a small fragment of musk carried by the traveller effectively 
kept reptiles away on account of the odour. The native Chinese 
name for musk is shay hia^ig, signifying “ the perfume of the 
deer.” Tavernier is one of the earliest Europeans making mention 
of musk, stating in his diary that he purchased 7,000 i)ods of it 
during his voyages. 

Si'eur Barbe, the author of Parfumeur frangoys ” (see 
Chapter X., p. 321), who had probably never seen the “ Voyages ” 
of Tavernier, informs us that musk is the blood of an animal living 
in warm countries which is captured and bled and the blood dried. 

Musk was probably introduced into Etirope by the Arabs. It is 
found in the list of presents sent to the Emj)cror of Rome by 
Saladin in 1189. In the tenth century Avicenna mentions it in 
.|iis Pharmacopoeia as a remedy for various diseases, and the 
:}vell-known traveller Marco Polo speaks of musk as a common 
lommodity in the East. 

Musk is a dried secretion of the preputial follicle of Moschus 
fnoschiferus, a small deer found principally on the mountains of 
lOrtheiai India and in central Asia, its habitat being within 
'0^ and 170° longitude E. and 65° and 15° latitude N. It is 
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also found to a Bmaller extent in northern Siberia and in thd / 
nofth'Cast of Cocliin China. But it is principally in MongoliajfO 
Thibet, Nepaul, Cashmire, Assam, and Surkutan in China that 
the animal is hunted, and to some extent in tlic neighbourhood 
of Lake Baikal. The animals arc very wild, very rarely gregarious 
in their habits, but often found in pairs. They usually conceal 
thcmselvoH during tlie day and come out of hiding to feec^ at 
night, and again iji th(‘ veiy early morning. Hunting the musk 
doer is a very ditticult matter, and is sometimes nndeitaken as 
a sport fy Anglo-Indians. The use of dogs is impracticable, as 
the deer an so agile as to easily outstrip any dog in mountainous 
country. They nr(^ frequently cajUiiied by building hedges or 
barriers across places where they are known to frccpient, with 
openings at fixed distances in which traps are inserted. It is 
necessary to \isit tht\se traps fr(*quent]y, as larger wild animals 
will d('Vour tlie cnpturi'd decT if they lind them. The greedy 
native kills all the animals he ca])fur(‘.s, (‘ven where the amount 
of musk is very small, so tluii the deer ai(* in danger of extermina- 
tion, as their hi'ei‘diiig j rower is feehle. Tlie secreting gland is 
peculiar to th(‘ male animal. TJie seei(‘tion js contained in a small 
sac situated jinme(liat(‘Iy in front ot the jirrqiutial orifice. This 
sac is foj'mcfl by the invagimition of the skin, and produces on 
its inner suila«*e a number of alveoli, m which the secretion is 
formed and from wliicli it is di^duuged into the cavity of the 
sac. Ilie sac o])cns by a small canal close to tlie preputial orifice. 
In the flesh state musk s<'c*r<tion is a syru]>y licjuid of about 
the consistence lU lioney, red brow nisi i in colour After the 
animal is killed, the musk gradually soliilifies and iK'Comes black 
and granular, hut som(‘what gr(*asy to the touch. The gland is 
not found in tlie very young animal eveejU in a rudimentary 
stage. I'iie musk secretion lias some lelationship to the sexual 
aflinities, as it is much moi‘c considerable when the fcifialo deer 
is in season, and also does not occur until the male is of adult 
age, and ceases wlien he has passed a certain ago. It can be 
oxjielled from the sac by muscular contraction, and even without 
this oceiirriiig the air for a considerable space round the anima 
is permeated witli the musk odour, and even the excrement of th 
animal smells strongly of musk, a fact which assists the hunte 
materially in picking up the trail. 

The musk deer, being killed so promiscuously, is becomin| 
scarce, and in order to prevent the extinction of fhe m 

edict has been issued l)y the Lamas of Tsarung, in south^easteit’ 
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Thibet. According to Dr. Joseph Rock, an explorer for the 
Mational Geographic Society, U.S.A., the edict provides 
E* 0, i?., September 1st, 1924, p. 326) that hunters caught killing 
musk deer will have their hands cut off and nailed on the temple 
‘doors. On this point of slaughtering the deer, Clements (P, do 
E. 0. P., September, 1919) raised an interesting question, viz., 
“ Qfuld not some method be found to extract the musk secreted 
by the deer without destroying its life ? ” The number of deer 
killed to su})ply the market every year has been enormous. Only 
the male yields musk, and deer aged three to seven years, which 
boar smatt and medium sized pods, aie the hunters’ objective. 
Deer above seven years are scarce, because forest life does not 
conduce to such longevity. Every now and again old('i* deer arc 
caught yielding pods of from 1 to 2 oz. In the ordinary way 
irenty-two pods go to make a catty, taking small and large 
>gether, and on the average one catty means the death of 
venty-two male musk deer But both male and female, ytmng 
citfold, are indiseriminateh snared, and Mr. Clements urg(*d that 
- is reasonable to conclude that for every catty sup])lied at least 
:iirty deer are killed. Since the auinial export frojn Taehienlu 
^as in the region of 2,000 catties, it follows that to supply the 
^achieiilu trade alone there was a yearly slaughter of 60,000. 
iud when the exports from other towiih arc added, such as Sung- 
)an, Kwanhsi(ui, Batang, and Aduntze, the exports from the 
Szoelman Tibetan border pass(‘d beyond 100,000 head. It seemed 
hat reju’ocluetioii might not kee}) pace with destiuetion, and the 
nusk deer would be in danger ol extermination. This, apparently, 
he Lamas of Tsarung liave reeognihcd. But tliere might have 
been another way than prohibition of killing foi dealing with tlio 
dtixation. As Mr. Clements jxjintod out in his article of Sef)teml)er, 
1919, it seems quite h^asible that the musk deej’ could he reared 
in semi'T'aptivity, and suitable means ('m])loyecl to extract a small 
quantity of musk ammally. The prei)utial sac containing the 
musk is accessible, and has a natural opening on the outside, 
through which the musk might be drawn without injury to the 
animal. Those familiar witli the ways of the musk dc^er state that 
the habit of the males is to lie down in places exposed to strong 
sunsliine and relax themselves, in which condition the sac opens 
by itself and the musk is exposed. This aspect of the matter 
might be further considered by those in Thibet and elsewhere 
iUitere^ed iif the maintenance of the deer and a supply of natural 
fiiusk respectively. 
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In' commerce m«sk is usually sold in the pods, as they are called.'. 
Ascertain amount of so-called “ grain musk ” is sold, but as the,; 
temptation to adultci-ate so expensive a product is very great— < 
and adulteration is frequently practised— most perfumers prefer 
to purchase it in the original condition and prepare it themselves." 
There is, however, a certain amount of adulteration practised 
with the pods themselves. The adulteration commences at^the 
hands of the merchant who purchases the musk from the actual 
hunters, and who then has to transport it, sometimes for a 
thousand and more miles, to the ports. In his leisurely journey 
in the caravan the (lliiue.so merchant will skilfully open* the pods, 
insert such adulterants as dried blood, albumen, or earthy matter, 
and so cuvmingly close the ])ods that only an expert can detect 
that the pod has been interfered with at all. Musk brought into 
Shanghai was at one time subject to a. heavy tax, which was 
usually paid in kind. If tlie. merchant were so foolish as to offer 
adulterated i)ods in payment of the tax, the mandarin did not 
discuss the matter, but ]»rom[)tly ordered the dishonest raercliant 
to be executed. Hence this “ (dovermnent mu.sk wa.s sought 
after as always being of the very finest quality. Musk is exported 
from Chin.a in small box<‘s covejxal with siliv and lined with lead. 
These are kiiowji heix' as catties or caddies, the name really only 
signifying the weight of the musk (1 catty = 22 oz.). The 
amount of musk exported from China varies from aI)Out 1,000 to 
3,000 cattle, s per annum. 

Tile piincipal vajicties of musk <itc the follow'iug : (1) Nankin 
musk, (2) Tonkin musk, (3) Ynn-nam musk, (4) Gabardine musk, 
(.5) Ncpaul musl<, and ((») Assam musk. 

Nankin mu.sk is the iinest musk procurable, but is scarcely a 
commci'cial article. It isf or w'as, never adulterated. 

Tonkin musk is highly valued. It is cxjiorted from Canton 
and Ticn-Tsin, whence about 80 per cent, of the world’s Aipply is 
obtained. It is collected in Thibet. The pod is round, slightly 
flattened, but never pear-shaped. A small lappet of akin is left 
round the edge of tlie pod, and when this is cut down, so that it 
is only about one-eighth of an inch in breadth, the pod is said to 
be trimmed. The musk known as “ blue skin ” musk is ordinary 
Tonkin musk prepared in a special manner. The two or three 
layers of skin which cover the opposite side of the sac to that oh 
which the orifice lies are removed, thus exposing the thin mem' .^ 
branous skin which lies immediately next to the tnusk^ams./ 
This membranous skin is of a bright metallic blue colour, somewhat ; 
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eBembling steel, hence the appellation blue skin/’ The prepara- 
ion of this blue skin musk, which is much prized, is a very delicate 
operation, and is performed by specially trained Chinese, princi- 
>ally in Shanghai. According to C. C. Treatt, the advantages 
laimed for blue skin musk are the following : (1) The character 
d the musk can be more readily judged without the necessity of 
►p^ng the pod ; (2) there is less chance of adulteration, as the 
)od is too delicate to stand any rough handling ; (3) the musk is 
easier to granulate ; (4) there is less skin to go bad — a pod whose 
kin has commenced to putrefy may spoil the odour of a large 
)arcel of jtiusk with which it is in contact ; (5) the beautiful 
appearance of blue skin musk appeals to users. 

Yun-nam musk is really only a variety of Tonkin musk, and 
ippoars to be only distinguished locally, and not to any extent 
n the consuming markets. The pods are more i)ear-shai)cd than 
he Tonkin pods. 

Gabardine musk is not of nearly so fine an odour as Tonkin 
nusk, but, being less valued, is also less adulterated. It is 
gathered principally in Siberia, although a certain amount is 
jollected in northern China. The pods are more oval, and flatter 
n shape, than those of the Tonkin musk. They are also more 
lairy, and are frequently considerably more moist. In this con- 
iition the musk has sometimes not set completely, so that the 
pods contain a yellow liquid. In this condition they are known 
IS “ squeakers.” The Russian cabardine musk was before the 
war exported via Petrograd, whUst the Cliinese variety anived 
in commerce through the same channels as the Tonkin musk. 

Nepaul musk is only seen on the London market at very irregular 
intervals, most of it being used in the East. The i)ods are very 
small, about one-third of the size of Tonkin musk i)ods. They 
are in fhe form of hard, round balls, covered with hair about an 
inch long. The grain is quite dry, and on account of the care with 
which it is prepared it never has an odour of ammonia. Assam 
(or Bengal) musk is also only rarely obtainable, and then only in 
small quantities. The pods resemble the Nepaul pods, with the 
exception of their having a much darker skin. Grain musk is an 
elastic term, which should only mean the pure granulated contents 
i one or other type of genuine musk pods. It is a fact, however, 
hat much of the “ grain musk ” of commerce is well reduced by 
arious adulterants in the course of the granulation. 

A pure dry musk should contain from 50 to 75 per cent, of 

filter ’soluble in water, but only about 10 to 15 per cent, of 
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In comnioree music is usually sold in the pods, as they are called. 
Ascertain ainouul of s()-call(‘d “ grain musk is sold, but as the. 
temptation to adulterate bo expensive a product is very great— 
and adulteration is fre(iueiitly practised — most perfumers prefer 
to purchase it in the original condition and prepare it themselves." 
There is, however, a certain amount of adulteration practised 
with the pods th(‘mselvos. The adulteration commences at^the 
hands of the jiuu’cliant wlio purchases the musk from the actual 
hunters, and who tluai has to transport it, sometimes for a 
thousand and n^on'- miles, to the ports. Tii his leisurely journey 
in the caravan the ('iiiuese merchant will skilfully opei% the pods, 
inscM’t such adulterants as dried blood, albumen, or earthy matter, 
and so ciumingly close the pods that (»nly an expert can detect 
that the ]) 0(1 has been intc'rf<Ted with at all. Musk brought into 
Bliangbai was at one linie subject to a. iieavy tax, which 
usually pa.id in Kind. If the merchant were so foolish as to offer 
adult(Tat(‘d pods in jjaynicJit of the tax, tlie mandarin did not 
discuss the in<atlci‘, but ])romptly ordfued the (lishoncst merchant 
to be e>;<‘C‘Ui(‘(l. lbaK'(^ fids ( ;(>v('rnmentd' musk was sought 
after as a,hvays being of the wvy limvst (piality. Musk is exported 
from (bina. iti sniall boxes coxaued with silk and liiual with lead. 
These' ai'(' kJiown Jieiv as catties <>r caddies, the name really only 
signifying ti»e wa'igbt of the musk (1 catty - 22 oz.). The 
anioiuit of musk f'xportcd from ('^iiina varies from about 1,000 to 
;>,0()0 cattie's ])er annum. 

The p]'inc*i]>al vajic'ties of musk .J'<‘ llie following : (I) Nankin 
musk, (2) Tonkin jnusk, (3) Vun-eam musk, (4) Gabardine musk, 
(5) Ne‘})aul musK, and ((i) Assam musk. 

Nankin musk is the iinest musk procurable, but is scarcely a 
commercial article. Jt isf or was, never arl ulterate^d . 

Tonkin musk is liiglily valued. It is exported from Canton 
and Tien-IVin, whence about SO per cent, of the w orld's ^pply is 
obtained. It is collect/(*d in Thibet. The pod is round, slightly 
flattened, but never ])ear-shaped. A small lappet of skin is left 
round tJie ('dge of the pod, a,nd wlien this is cut dowm, so that it 
is only about one-eighth of an inch in breadth, the pod is said to 
bo trimmed. 'Fhe musk laiowu as “ blue skin musk is ordinary 
Tonkin musk pix'parcd in a special manner. The two or three 
layers of slcin wdiich cover the opposite side of the sac to that on 
which the orifice lies are removed, thus exposing the thin mem- 
branous skin which lies immediately next to the tnusk grains. 
This membranous skin is of a bright metallic blue colour, somewhat 
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resembling steel, hence the appellation blue skin,” The prepara- 
tion of this blue skin musk, wliich is mucli prized, is a very delicate 
operation, and is performed by specially trained Chinese, i)rinci- 
pally in Shanghai. According to C. C. Treatt, the advantages 
jclaimed for blue skin musk are the following : (1) The character 
' of the musk can be more readily judged without the necessity of 
' opening the pod ; (2) IIktc is less chance of adulteration, as the 
pod is too delicate to stand any rough handling ; (3) the musk is 
easier to granulate ; (4) there is less skin to go bad — a i)od whose 
skin has commenced to putrefy may spoil the odour of a larges 
parcel of ^nusk with which it is in contact ; (5) tlio beautiful 
appearance of blue skin musk ai)peals to users. 

Yun-nam musk is really only a variety of Tonldn musk, and 
appears to be only djstinguish(,‘d locally, and not to any extent 
in the consuming maikets. The j)ods are more pear-shaped than 
the Tonkin pods. 

Gabardine mnsk is not of nearly so line an odour as Tonkin 
musk, but, being less valued, is also less adidtc^rated. It is 
gathered prinei])ally in Siberia, although a certain amount is 
collected in northern China. The pods are more oval, and flatter 
in shape, than those of the Tonkin musk. TJiC}^ are also more 
hair}^, and are frequently considerably more moist. In this con- 
dition the musk has 8ometim(?s not sot <;om}>]etely, so tl»at the 
pods contain a yellow liquid. In this condition liicy are known 
as ” squeakers.” Tlie Kussiari cabardiiie mask w^as before the 
w^ar exported via Petrograd, whilst the (liincso variety arrived 
in commerce through the same rlianii<‘ls a-s the Tonldn musk. 

Nepaid musk is only seen on the London maiket at very irregular 
intervals, most of it being used in the East. The ])ods are very 
small, about on<‘ -third of the size of Tonkin musk X)ods. They 
are in the form of Jiard, round balls, covered wdth luur about an 
inch kmg. The grain is quite dry, and on account of the care with 
which it is pre])a.r(Ki it never has an odour of ammonia. Assam 
(or Bengal) musk is also only rarely obtainable, and then only in 
small quantities. The pods resemble the Nepaul pods, with the 
jexception of their having a much darker skin. Giain musk is an 
[clastic term, w hich should onl 3 ' mean the pare granulated contents 
of one or other type of genuine musk pods. It is a fact, how'Cver, 
/hat much of the “ grain musk ” of commerce is well reduced by 
^various adulterants in the course of the granulation. 

A pure dif musk should contain from 50 to 75 per cent, of 
aatter Wuble in water, but onty about 10 to 15 per cent, of 
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matter soluble in alcohol. The moisture ouglit not to exceed 12 
tcbl5 per cent., and the ash should not exceed 8 per cent. Two 
ketoncB of intt'nsely ])OiiV'crful odour have been isolated from 
musk {Jour. Prali. 1000, ii., 73, 488). Of these, muskone, 

which lias the formula ]K)ssibly is present^ 

to the extimt of from 0*5 to 2 pci* cent. It is a viscid oil of intense ' 
musk odour, l)()iling at 227'’ to 220^ at 752 rum. It yields an oxime 
melting at 4(i'\ aiirl a seinicarhazone iiadting at 133° to 134°.^ 
The second lo'toiK* lias not yri hctai investigated. It is probable < 
that musk (uilindy owes it odour to tliese ketones, so it has been : 
suggested tliat if they are destroyed by oxidation, mu^k becomes 
odourless. Bazzoui (J . Frrntl'lin Inxf., 101.5, 402) allowed dry 
air to pass ovau* a ]>j<‘ee of nuisk weighing 1*22245 mgr. for | 
seven months. With a. scarcely a[>proeial)le altojution in weight ( 
the musk he(‘aru(‘ odourless, and the odour did not return on 
exj)osing tlie nnis!^ to inoi'«;l air. R\])efhnents with such quanti- 
ties when* a claim is made to weigh to K.doiaith ])art of a milli- 
gram, howevaa’, carry little (conviction, as it is pretty obvious 
that t'h(i fraction of a milligram of volatile odorous matter had 
simply evaporaietl. 

Musk is us(‘d iu })erfnmery as a fixative, and to impart to 
perfumes a subtler )i()t(‘ which is derivable fi’om no other substance. 
French perfunua’s olUm ,s])eak of this as the “ odcur de hdteP At 
all ov(‘nts, it prodiitH'S tli(‘- c fhvt tlia.i S(\areely anything but animal 
Huhsta,ne(*s will, d'he following is the method given by l^ouchor 

PerfuuKss and Cosjueti(‘s,'' p. JSS) h)r the preparation of the 
musk lor use. A pod of bhu^ idle musk is taken and the gi'ains 
removed ; the outer skin being cut u]> into small pieces and the 
whole mixed intimately. 4dns is transferred to a suitable recep- 
tacle containing a, 5 ]jer <‘('nl. soluticai of glycerine in distilled 
water. It is matwated, with frecpient shaking, for two days, 
when the ch'ar supewnatant litpiid is poured oil and uteserved. j 
The ‘‘ bottoms ' are again twice (^xhauste‘d with a similar solution, '' 
to which has been addedtraces of alkali. These solutions are then | 
mixed, and about 10 ]>(‘r e(mt. of alcolujl added as an additional^ 
preservative, the solution being stored in a pcnd’ectly air-tighl 
vessd. The ])artially exhausted musk is now plunged into ottc 
of rose or clary sago oil, and heated to 00'' C. for twenty-fou 
hours. The marc is then pressed, and afterwards reduced to I 
coarse powder, W’liich is macerated in absolute alcohol for a weekf 
with frcc^uent shaking. TIjc alcohol solution is fi^/cred into the 
aqueous extract, and this constitutes a. strong tincture, In whiol| 
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the whole of the odoriferous principles of the musk pod are con^ 
tained. If it is desired to retain the solution in a seimi-Aveak state, 
it is advisable either to increase the alcohol to about 60 per cent, 
strength or to add sufificient glycerine to make a 10 per cent, 
^solution. The addition of the latter will increase the solubility 
of the extract and also help to [)reservc it. Durvclle (“ The 
"~?r^arationof Perfumes and Cosmetics,’’ p. 102) gives the following 
jpnetliod for ju-e paring the infusion of grain musk. Talve 33 grams 
|of powdered musk, and i'ub into a line powder, with an equal 
I quantity of sugar of milk in a slightly warmed mortar. Two 
hundred <^c. of a 1 per cent, solution (>f potassium carbonate 
vand 300 grams of alcoliol arc tlicii add(‘d, and the mixture rubbed 
1into a cream. Alcoliol to 7 litres is tlieii added, the mixture 
p well stirred, and allowed to s(‘ttle. The ])artielcs which have not 
been suHicicnlly powdered settle (juickly to the bottom ; the 
liquid is decanted and the (‘oarser particles are subjected to a 
second trituration until tluiy are (JompleUdy powdercal, and the 
oxtna(*t is made up to 7 litres if any aleoliol has been lost by 
evaporuplion. A few dro])s of ammonia are added, and the mixture 
is allowed to vstand, with periodicuxl shaking, tor at least three 
months. Tk^tter results, however, can be obtained if a percolator 
bo used, and 1 lie lirst percolate rctunu^d to the pcTColator four or 
five times. A ])roduct of great delicacy is obtained in this manner. 
One litre of alcaihol is used for 35 to 40 grams of musk, so that the 
extract is a stronger one than that described above. After the 
first litre of alciohol lia.s been obtained by five rfq)orcoIations, a 
second quality extract is yielded by repeating the ti'oatment, 
and after this a third quality, but the last-named is generally 
used as if it were aplcohol, to start operations again on a fresh 
..portion of musk. 

^■■^liero are numerous substances which possess a more or less 
Jjlcy criour, but fmr of them liavo any commercial importance. 
The so-called American ” musk is the product of a gland 
^attached to a caudal appendix in the musk rat. Fiber zibetlcu-n, 
t is obtained by cutting up the gland into small f)ieces and 
ixing slaked lime (4 grams per gland) with the tissues. The 
Wxture is macerated in alcohol, and an infusion is thus o})tained 
iftcr a fortniglit’s treatment. A musk-like substance is said to 
produced in Brazil from certain secreting glands of the female 
igator. This animal is provided with four such glands, two in 
.e head under the throat, and two — one on each side- -in the 
omen. The “ musk ” occurs in the form of a very thick paste, 
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yellowish in colour, and of a distinctive penetrating odour. The 
natives of Brazil call this substance “ lizard musk.” ^ 

The seeds of Hibiscus AbelmoscJms, known as ambrette seeds,* 
yield an essential oil having a inusk-likc odour. The seeds arc. 
also known as “ musk seed.” (See “ Ambrette, Oil of.”) , 

The dried root of Ferula suiuhal, known as musk root,” 
yields from 0*25 to 1 per cent, of a. fragrant assential oil having 
distinct music odour. The oil has a specific gravity 0*932 t' 
0-004 ; ojktical rotation, — 0*^ 20' ; and ester value, 20 to 90. 

Ill Guiana the wood of Guarea grcmdiflora is known as 

musk wood, and also, }>ossibly on acKiount of the simil/JT perfume 
secreted by the feunale alligator (sc'c above), as alligator wood.-! 
All parts <jf tliis tr(-(\ (-spec ially th(^ bark, Bimdl strongly of musk. 

]\Ji)UHhis Vfi}svh(tLfis, the cultivated musk jdant, has a strong 
musk odour, h\it is not used to any extent in perfumery. 

llic foilewiu^ aeecMint of the Joss of tJie musk odour in this 
plant ])y JM. lloliries is of great interest (Chcudsi and Druggist^ 
Februaxy, 192-1, 258) ~ 

“ It is now impossi)>!(‘ to purchase in any nursery plants of the 
old"fashio!i(j:d sweet sctent(*<l mu>.k. The absemee of odour in the 
cultivated musk ])iants lias been notica'd during the last forty 
years. The ;»lant is a native of British Columbia, Montana, 
Oregon, .and California,. It was sent lioine to this countiy by the 
botanic^al eollc^ctor Douglas about 1825. ;md was described by 
Dr. J. Lindiy in tlui Botanical Register in 1827 (j). 1118). But 
the eui’ious fact caunes out on incpiiiy that the scented musk 
Iilant i.s practically unknown in the countries wliere it is indigenous, 
all the plants met with liavi ng either no odour, or a scarcely 
percc'ptiblc on<‘. and tJie fra.grant musk plants sold by the florists 
in tJa‘se districts have bc-cm grown fiaan seed obtained from 
.English nurs(aymen, and arc-, so far as is knowai, all de^sccndants 
of Doutdas spec imens. 4 lie plant first introduced byf Douglas 
must Iiave, beem a mutation c.r sport, fjom which all other fragrant 
sjiecimons have ])<*en <lc>ec*ndcd. But for fifty years, or up tifli* 
about/ l88.‘k no mention is made by growers of tlie plant losing 
its perl lime, and in m\' opinion it is doubtful if it ever has, butf 
rather that it has died out in nurseric-s and gardens aiuj it” 
been t-aken by seed from Britisli C^olumbia, which was 
from t he indigenous scentless forms. The reasons for supposing!’ 
this are as f<.»llows. T liave been ]U‘omised syiecimens of the scented 
X)lant by more than one person in whose garden it»has remained 
fbr the last forty or fifty years up' to the present date.* Abo 

480 



PSSFUMERY 


the year 1877 an amateur gardener at Leicester crossed the 
jplant with the monkey flower {Minmlus Ivteiis), and obtained a 
Hpybrid resembling musk, but with larger flowers. Tiiis was taken 
mp by Mr. Harrison, a florist at Leicester, and introduced under 
^he name of Harrison’s musk. Florists usually take up new, and 
herefore more ex2)cnsive and profitable, plants, and consequently 
lo ;|^ot trouble about the older varietk^^, which often die out. 

wrote to a friend at Leicester and asked him to in(juire if 
tarrison's musk was scented, and if it could bo propagated by 
«cd. A letter from Mr. J. Harrison to my friend, bearing date 
iXnuary 7^h, 1924, states ; ‘ I introduced Harrison’s musk many^ 
■jars ago, but I have not seen any of it for some years now. I 
ta afraid it is lost. I examined the flowcus many times, but could 
over find a seed pod ; thendorc 1 put it down as a ‘ mule ’ 
ondition, but never closely examined the internal organs of the 
flower to see what the real defect was. Tt has never Ix'on noticed 
to have any rnusk scent with it, and I cannot give my opinion 
why«the old ])eremiial musk has lost its scent, wliich is re}K)rtod 
in the horticultural ])apers for some time past.’ if Harrison’s 
musk died out or, having no scent, wlis disearchnl, it would he 
only natural that florists sliould cnd(^avour to get the s(M:hI of the 
musk plant from the country of which it is a native (in ignorance 
of the fact that Miniidus moscJiatfis is only a fragrant fornix and 
was practically iinhiowa in its oam country), and such s(XhI supplied 
to growers would naturally ju'oduco scentless musk, and the 
absence of sclent would then attnict attention, if my tlieory is 
correct. Tlie statements that ]iav(^ appeared in the Press need 
very careful sifting to afford proof that tlie actual scentless 
plants were really tlic descendants of the fragrant form of the 
plant.” 

MUSK, ARTIFICIAL. — Although the odour of nainral musk 
to moSt people somewhat objectionable, as arc practically all 
imal odours, its extreme perfume and fixative values when 
fluted have for many years past caused attempts to he made 
produce the odour by artificial methods. To>da.y we have 
-called artificial musks in plenty, but none of these is eitJier 
tical with or even similar to the mitiirai odour hearer of true 
ik. All that can bo said of them is that they have a musk-like 

I ir. In every case this odour is so powerful that, unless cm- 
ed with the greatest restraint as to amount, the resulting 
ume will coarse, vulgar, and objectionable, especially when 
' more volatile constituents have evaporated,^ Before the 
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discovery of the series of bodies which we now term “ artificial 
masks/’ various unscientific and empirical attempts had met^ 
with some success in giving an indefinite mixture which had an, 
odour somewhat roseinbling musk. According to Kopp (Geschichte, ‘ 
der Chemie, iv., 305), Margrall in 1750, and Eisner in 1842, tooki 
rough amb('r, jiowdered it and mixed jl with sand, and then 
distilled it in an iron retort. The oil distilling over was separr^ed,^ 
wash(‘xl, aiid rectified in the presence of water, aiid then digestedf 
with fuming nitric acid, 'riie comi^lex mixture of nitration) 
prodii(‘ts is dried and ])t>vvd(‘fed, and then has a musk odour. 
{8ee also Jour. Frakt. Chou,, 1842). ^ 

Von (ierichten in 1878 observed that tlie brominaled and^ 
chloj’huited riitrocynienes ]) 0 .ssesse(l a musk odour (BerieJUe, xj.i 
1002). In 1881 K(‘.ll)(^- isolated metabutyl-iohiene from the light) 
resin s])irit obtained by distilling eonnuon rosin, and ])avcd the 
way for Jatm* vork hj nitrating its lioinologue iso[)ro]>>d toluene, 
whi(ih had a marked musk odour. It was jjot till 1888 that Baur 
annouuc(‘<i the discoveiy (4 the first artificial musk of njiy real 
value (Lkrichfe, xxii., iii., Ofili). 14e had talaui u{) the work wdiere 
Kelhc left it, and suceei'ded in making //a'/u-j)seHdo-butyl toluene 
syiitlietjcully, and thiMi, nitrating tliis body, obtained a nitro 
compound ol |)ou(‘rful musk odour. In 1804, Alallmaii discovered 
the fii’st kf'tonic body of musk odour, and since then various other 
bodies of similar odour Jiave been prepari'd. 

As (lattelosse ])i)ints out (‘‘ Nouveaux Barfums S3’nt]ietiques/’ 
Paris, j). ISO), tlu’ woik of Baur. followed hy that of Aleyer, Sack, 
Bischk'r, AJoeltiug, and iVimmier, It, is piactically dcmonslra.ted 
t hat uH tiie s}uitJietic musk products are based upon the nitration 
of a body containing a benzene micleus. 

C omniercia] artificial musk, in the main, is found in three 
distiiK't varici ics. 4'hcsc are know n as (1) iiiusk xylene (or xylol), 
(2) ketojie musk, and (3) mnsk ambretle. n 

Iti additioji to these, aldehyde musk, cyano musk, and azido 
musk will be ixdVn'cd to. 

Ihe iirst ol t lie, sc svntlieties to appear on the market w^as musk 
xylene, wJiiclj was jiatcnted hy Baur in this countrj^ in 1889i 
(Iso. 4IH>3). Ihe (a)nij)lete sjiecili cation contained the followii 
instructions : — 

lolucne is mixed wuth a haloid combination of butane anL 
boiled, with the addition of cliioride or bromide of aluminium. 
Water is added to the product, and it is then distilled with steam 
and that portion which distils over at a temperature *betweey 
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170^ and 200"^ is taken and treated with fuming nitric acid and 
uming sulphuric acid. The resulting product is washed with 
yater and crystallised from alcohol. The product may be dissolved 
n alcohol, and on addition of a small (quantity of ammonia or 
jal ammoniac will exhibit all the essential properties of a tincture 
)f musk. For carrying the invention into practice, 5 parts of 
)ohiene ai'e mixed with 1 j)art of butyl bromide, or l)utyl chloride 
)r butyl iodide, and to these may be added gradually, whilst 
')oilmg, i part of aluminium chloride or aluminium bromide ; 
is results in the development of hydrobromic acid, or hydro- 
doric acid, or hydriodic acid res})ectively, and a product of 
Mion is obtained from which, by the action of steam, Ahe 
pro(iail)oii (^liliG ‘^^^d unchanged toluene are distilled. By 
admission of steam the hydrocarbon is cairied over, and may 
b obtained in a condenser* as a colourless oil lloating on the 
vatcr. The oil, removed and dried by nutans of chloride of 
calcium, is fractionated, atul in this majmer the necessary liydro- 
'.arltm for the? pi'oduetion of artificial musk is obtained, 100 parts 
)f the former giving a like (puintity of musk pr(‘])firalion. Three 
)arts of fuming niti'ic acid of 1’52 s]}€*cific gravity and 0 parts of 
uruing sulpbiii-ic acid arc mixed togetlier, and to this mixture is 
'-arefully added, whilst cooling, 1 part of the hydrocarbon afore- 
laid. Each di‘op causes a violent j’eaction. As soon as all the 
lydroearbon is added, the wdiole mixture, is heated up to a 
.empc/raturc of about lOO"^ C. After cooling, the nitro product is 
rrccipitated by ])ouring into cold water of about five to six times 
he volume, and is sejrarated from superlluous acid b}'' w^ashing 
vith cold wat(*r. The nitro product separates first as a viscid, 
leavy oil, which after some time hardens into a firm crystalline 
lubstanee. The raw nitro product is then purified by rccrystallisa- 
lion from alcohol of 90 per cent, strength. The jmrified product 
Irystallis^s out in yellowish- white needles possessing a strong 
’ )U of musk.” 

l1 : xylene musk, the original ‘‘musk Baur” of commerce 
1 how^ever, was at first sold in a 10 per cent, dilution with 
I Ailide), is the trinitro derivative of tertiary -butyl xylene, 
m made from mela-xylcno as its starting point. Tills body is 
jBensed by mixing 1,500 grams of isobutyl chloride, 4,500 
iis of me^a-xylene, 30 grams of pure aluminium chloride, and 
prams of aluminium shavings in an enamelled vessel. The 
Ition^is coffiplete in a few hours, and the mixture is poured 
m ice water, w^ashed first with w^ater, then with^dilute caustic 
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soda solutiou, and rectified. The portion boiling between 196 * 
and 210* is reserved for nitration. The reaction is as follows : — , 

, C«H,(CH3), + C1.C.(CH3)3 = HCl + C3H3{CH3)3.C(CH3)3. ■ 

il/t/a-xylene Tertiary butyl-w-xylerie 

The isobutyl cliloritlc is transforiued into the tertiary chloride 
by a molecular rearrangement. A mixture is then made by 
gradually adding 1,000 grams of this hydrocarbon to 2,250 grSms 
of fuming nitric acid, and then gradually adding 2,500 grams of 
fuming sulphuric* acid, the mixture being kept at 70° for three 
hours. Idle residue, well washed with water, is recrystallised from 
benzcaie, and then from filcoliol. It melts at 113°. Neither ortho* 
nor jjara-xyhnu^ yields similar musk -like bodies. 

The formula of musk xylene is therefore Cg(CH3)2(C4Hj^)(N02)3, 
Tlic ketone music of commerce is rather weaker, but much finer 
in odour, than musk xylene. Baur showed (Berichie, 1898, xxxi., 
13cl4 ; 1000, xxxiii., 2502; Ck'nnan Patent 87J30) that butyl 
toluene and hulyl-xyleiie react with aeid chlorides in the x>resence 
of alununiuin c hloride, giving kc'toiiie dei ivatives. 'Jlie recognised 
ketone musk of comuiereo is tlie dinitro dciivative of butyl-xylyl- 
methyl hetone. This body has the formula CH 3 .CO.Ce(C 4 Hjj) 
(Cdl3)2(N()2)2- It melts at 1 30 when < pate pure. The correspond* 
ing eoiiiixMitid pivpajed from butyl toluene has the formula 
(TJ3.CO.(OJ-l)((\,iljd((dh)(N(y2, and melts at 131°. It is 
jirohahle that many c'ommereial ketone musks contain the two 
bodies. Fov ihc'. j)]eparaiiun of ketone musk, 1,500 grams of 
butyl-x\lcaie are mixed with 12 grams of carbon disulphide. To 
tills are added 1,300 grams of fi*eslily prepared aluminium chloride, 
and then 1,000 gituus of acedyi eliloride, in small })ortions, the 
temperature hedug kept helow 45"^. When the greater part of the 
liydj’ochloric* acid has been evolvcal, the temperature is raised to 
00 for a shojt time, aiid the reaetion mass is then poured on to 1 
ice watiT and u ashed v\ilh water, and tlien with dilute caustic 
soda. It is then distilled with steam, and tJie butyl-xylyl ketone j 
is collect ed at aliout 205°. It melts at 48°. This body is thei' 
nitrated, tiie dinitro dc‘ii\ alive resulting, which melts at 136° ■ 
TJiis ketone musk is sometimes termed musk Mallmann, but 
apparently ineorrcx'tly. IMallmaim took out an English patent 
(4t)18 of 1894), wliich appears to have been refused in France and 
Germany, for a trinitro derivative of isobutyl-tolyl-ketone. 
NocIting and Clairmont have, however, shown that these nit. 
derivatives bad no musk odour. ' 

Musk amb^tte is regarded as the finest of all the artifioi' 
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musks. Baur found that nitrated butyl-me/a-crosol or its ethers 
^have a fine musk odour, whereas the corresponding derivative^ of 
ariho- and ^am-cresol are odourless. To prepare the typical 
compound which is known in commerce as musk ambretto,’* 
namely, the tri-nitrO";).9Ciirfo-butyl-me/a-cresyl methyl ether, 
1,100 grams of me/a-cresol are neutralised with caustic soda 
solution, and 1,300 grams of dimctliyl sulphate are gradually 
added at a temperature of about 30°. A litre of water -is then 
added and the tempeniiuro ]‘aised to 75" for an hour. The methyl 

i ther rises to the surface of the lirpiid, and is extracted with 
letrolouu]^ ether, washed, and rec^tified. A mixture of 2,400 grams 
f the methyl ether and 300 grams of ahiminiuin chloride is then 
itroducod into an enamelled vessel, and a mixture of 1,000 grams 
f isobuty] chloride and 800 grams of the methyl other is gradually 
dded. Hydrochloric acid gas is evolved, and the mixture becomes 
crystalline. The mLxtuni is allowed to cool, and is then heated 
on the water bath for several hours. The reaction mfiss is then 
poia:*cd on to ice, washed with weak alkali, and distilled. TJio 
butyl derivative boils at a1)out 228°. To 1,500 grams of this are 
added 1,400 grams of nitric acid mixed with 2,000 grams of acetic 
anhydride, the temperature being kept at 0°. It is tlien warmed, 
washed with water, and rocrystallised from alcohol. The formula 
for imisk ambrette is 06 (N 02 ) 3 .(CH 3 )( 0 .CHy).C(CTTj) 3 . It melts 
at 85°. 

By the oxidation of butyl-xylyl methyl ketone, the basic 
substance for the preparation of ketone musk, a glyoxjlie acid 
results, from which, by the loss of carbon dioxide, the correspond- 
aldehyde is obtained. This body has the formula 
3H0).C(CH3)3. It forms a dinitro derivative melting at 112°, of 
g' "Song musk odour. This body is known as aldeli>^I(^ musk, but 
.^a|;dy, if ever, met with in commerce {Berichte, 1899, xxxii., 
ii7,; "German Patent 94019 of 1890). Cyano musk and 
V musk have also been prepared, but are not met with 
i lercially. 

L uust be borne in mind that artificial music of commerce is 
Y^btimes a mixture of homologous bodies, so that tlie melting 
may not correspond with that of any one of the bodies 
^yie described. The principal fraud in these substances is the 
^^ation with acetanilide, which is detected by recrystallisation 
hot water, when the crystals separating out will show a 
irent melting point from that of the original sample and will 
e the well-known phenyl-isocyanide reaction,^ emitting the 
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chara iteristic foul odour when heated with caustic potash solution 
and a few drops of chloroform. If a specimen of artificial musk^. 
shows an indefinite inciting point which is lower than that 
indicated above, and if acetanilide is absent, it is probable that a 
lower grade of artificial musk is present. For example, musk# 
ambrette is souK'timcs {idulterated with musk xylene. The 
melting point is (considerably ]ow(‘rod and is not at all sh'^rp. 
Such samples sliould ))e rccrystallised from warm alcohol, and the 
melting ])oints of th(‘ successive (crops takcui. The first crystals 
to separate will m(*lt at a considerably higher nuilting point — 
approximating to that of musk xylene — and the true musk 
ambi'ctte will crystallise later, other im])uri1ies crystallising 
last. 

For further d(‘tails of tli(‘ various rarer forms of artifieial musk, 
see W. A. Noelting {('he)tfir, el Indasirie, 1921, 6, 719), and also 
the. following r(‘f(u*eu(c<\s, which ajc tlaui* includcHl : — 


47599/1888. 
()2;5(;2 i8i)i. 
72<.M)S/180:}. 

07299/189:). 
80158/1894. 
8-1 :):)()/ 1894. 
8e>447/ 1 81)5. 
87i:h)/J894. 
90291/1805. 
94019/1890. 
9925()/1897. 
09072/1890. 
] 84230/1 900. 


(icnmtn P(flej}(-^ 

Nitration of but \ I tolueiuc. 

(Vesol musk. 

Nili'alion of aryl -uK^haiKN*^ vith (‘liiuiriation of 

CU.,. 

l)ut\ latior) and nitiation of diliydroxylene. 
Ilydrindcne musk. 

Cyjino musk 

But xiafion and nitration of mcla haloid toluenes. 
Ketone musk. 

Nitrati(m of lialoid butv]-xyJen(\s. 

Aldehyde rniisk. 

A/.ido musk, 

Butyi'Xylyl sulphoni(c acid. 

1 > u ty 1 -X y I ene f i-om is( >1 ) u tylene . 


Full ivfen'iiees to the original literatuiv (►f tlic subject will be 
found in the paper ])y Noelting above (juoted. 

The best solvents for thc^ artificial musks are the esters bonzy 
benzoate and ethyl })ljthalale. 

For (lie detccction of small <piantities of artificial musk n 
perfumes, see ‘‘ Nitro Compounds, Detection of.” 

MUSKONE.~-8e(‘ “ Musk.'’ 


MYRCIA ^IL, — See '‘Bay Oil." 
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MYRISTICA.-See - Nutmegs." 

* MYRISTICIN. — This body is an allyl-methoxy-methylene- 
dioxybenzene, of the formula CnHigOg. It is present in mutmeg, 
mace, and parsley oils. It is a fragrant liquid, with a nutmeg 
)dour, boiling at 150° at 15 mm., and having a specific gravity 
•145, and refractive index 1*5403. It yields a dibromide melting 
it 109°, and on oxidation yields myristic aldehyde, melting at 
130^, and myristic acid, melting at 210°. ' 

MYRRH. — The genuine myrrh of commerce is that known as 
^^erabol n^yrrh. The so-called bisabol myrrh is a different sub- 
mce altogether (see ‘‘ Frankincense "). Myrrh is a gum resin 
)taincd from the stem of Balsanwdendron myrrha and other 
aecics, and also probably from species of Commiphora. The stem 
wounded and a yellowish liquid exudes, which soon solidifies 
to reddish-brown or blackish masses. It is collected in Arabia, 
Abyssinia, and Somaliland, and anives on the London market 
in cliosts containing very mixed qualities, which are known as 
- sorts," These are then often separated into several grades. It 
occurnS in small masses of a yellow to jellowdsh-rod colour, black 
pieces being of inferior ({uality. The masses vary in size from 
that of a pea to that of a chcKstnut. An alcoholic solution of 
myrrh is used to a considerable extent in the manufacture of 
dental washes, and it is also used as a constituent of heavy floral 
odours such as broom and honeysuckle, and as a fixative in 
kIoui’s of the so-called Oriental type. It is also used in incense 
kd in Cliiiiese joss sticks. 

has been examined by von Friedrichs {Arch. Pharm.^ 
ffiOO, 245, 427), wlio states that it contains three resin acids 
|)luble in ether, a-, and y-commiphoric acids. The first two 
^4 isomeric, of the formula whilst y-comrniphorie acid 

IS the lormula CJ7H22O5. A resin ester of oommiphorinic acid, 
/ggHggOs, is also present. Two phenolic rosins wore also isolated, “ 
l-herabomyrrhol, CJ8H20O5, and ^-herabomyrrhol, CgoHgjjOg. A 
volatile alcohol, Cj^HgoOg, and a resene, heraboresene C42H5({Og, 
present in small quantity. Tw^o resin acids insoluble in ether 
rere separated, a-myrrholic acid, C15H22O7, and /9-myrrhoIic acid, 

5®-32®6* 

In addition to these rosin constituents, which amount to from 
to 40 per cent., there is present from 50 to 60 per cent, of a 
ixtrorqtatorj^ gum, from 2 to 8 per cent, of essential oil, and 
Dut 4 per cent, of ash. (The formulte above given must be 

487 



PERFUMERY 

Both the l>ark and the leaves of tlie nutmeg tree yield small 
qtiantitics of essential oil, but neither contains any particularly 
fragrant constituents. 

OAK MOSS RESIN.--Seo“ Mousse d(^Chene.'’ 

OCOTEA OILS.—l'jjc essential oil of Ocofea eaudaia is a 
highly odorous oil. (See ‘‘ Bois <le Rose Oil.’ ) Ocofm mam- 
haromis is a known as tlje ll)ean camphor tree, and the 
essential oil distil]e<l at Aniani (({orinan East Africa- as it was 
before the (b'ejji Wiir), has been exarnined by Schmidt and 
Weilingei* {Bericlifc, lOOf), 39, (>o*J). TIk^ bark of tins laiiraceous 
tree yield(‘d 0- lo per cent, of oil having the following characters : — 

S])(‘<afie gravity at 20^ . , 0-1)13 

Boiling range at 10 nnn. . ru)*"- 100" 

()|)ti(*aJ rotation . . . —11" 12' 

Refrael iv(‘ iiuh'X . . . 14700 

Acid vahi(‘ .... 1*2 

Ester value . . . 12-r> ^ 

Free alcohols 1^0) . . 4-5 p(T eent. 

Tlio oil ('ontains myristic ald(divde, eincoL terpiiK-ol, and a 
sesquiti'ipetK'. 'Jliret* oils disfilhal from the w(.»od were* (^\a/nin(‘d 
at tlif‘ Im|)(‘rial Institute {Rh/L I/np. hhd,, 1011, 9, 310) and found 


to fia\e tli(^ following (ilmraciers: — 



1 

Hpeci tie gravity . 0*004 

2- 

0*0GS 

a. 

0*033 

Optical rotation . — 7' 3()' 

- 7' 30' . 

. 0" 28' 

Hajumificat ion value 30*1 

30*1 

. 13*3 


Thv so-eall('d Vene/aiela camphor HOod oil is pi’ohahly distilled 
from th(‘ wood of a s[)ecies of Oroim. it ha.s a sj)ecific gravity 
1*155, and optical rotation ! 2 ' 40'. The oil lias an odour resem- 
bling that of tli(‘ oil of J.sY/r/r///. vanadcjisc, a,nd sets at ordinary 
tcmjKU'atures to a. crystallim* mass. Tin* crystals, ^A^iich form 
about t)0 per eent. of the oil are apiol, probably identical with the 
apiol extracted from parsley oil, 

OCTINE CARBONATES .-See “ Heptine (Wbonates.^^ 
OCTYL ACETATE. --This fragrant. est(T has the formula 
CH 3 ((T{^)Y. 0 . 0 C.CIk,. It is an oil boiling at 200 , of specific 
gravity 0-S85. It occurs naturally in the oil distilled from wild 
parsnip seeds, and may be ]}r(‘])ared by the acetylation of normal 
octyl al(‘ohol (q.v.). It has a fruity-floral odour, recalling orange 
and jasmiiK', and is useful for preparing artifieia! flow^T oils, but 
must be used in traces only. 
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OCTYL ALCOHOL.— Normal octyl alcohol, 0H,(0H«)e 
CH2OH, exists in the essential oils of lu‘racl<'um, and it) otlit'r oils, 
in the form of esters. It is a liquid of s])e‘eitic gravity ()-82S, and 
boils at 190 ' to idT^\ or at 90"^ at 17 mm. Tt has a pheasant odour, 
rftcalling that of opoponax. It is jtrcqtared by saponifying cocbanut 
oil and extracting the free fatty acids. These are esterified by 
means of methyl alcohol, and the esters are fractionated. At 
about 85^, at a pressure of 25 mm., the main constituemt dis- 
tilling ov(‘r is medhyl caprylate. i>y reduction with sodium and 
alcohol, normal oedyl alcohol results. A secondary oclyl alcohol, 

results from the distillation of methyl 
ricijiate. The oxidation of primary or jiorinal octyl alcohol gives 
octyl aldehyde, wluT(\as s('eon<lary oetyl alcohol yi('lds the ketone 
oetanone-2, a snl)stane(‘ sometimes impropt'rly deseiil)ed as oetyl 
aldeh^'de (r/.v.). 

OCTYL ALDEHYDE.— Tl)e eight-earl^ou normal aldehyde 
(dhj{Cdjo)^( ’HO is prepared ly the regulat/t‘d oxidation (.>f normal 
0(*tyl aleoliol, tlui s(^eondary alcohol yielding a ketone, octanone, 
which is (juite dilTerenf from oetyl a.K!eljyd(‘. ald(‘])yd(‘ occurs 

naturally in neroli and ros(^ oils, and has a detq) hon(‘y-lik(' odour. 
Jt- is ns)‘ful in tluj hicaiding of IIoimI ])erfunjes. Its s]>(‘eilic gravity 
is 0-82(5. or wIhmi ahsoluhdy ])ure 0-821 ; refraetiva^ index, 
1*41955 , and boiling point, 82 at 15 mm. At low lenipiaal ur(‘S it 
solidilies, mehing at 15' to Hi’. It yields an oxvme nudting 
at 00’, a semicarhazone melting at 10 1 , and a fiaphlho- 
cinehoninie acid eoJiipoiind medting at 25 t ’. 

OCTYL BUTYRATE. -This ester. (JH.j((’H2),().00(t!Ff2)2- 
CH3, is ])res(>nt in a few essent ial oils,su(']i as male fern oil, and has 
a. powerfid fniily odour. H boils at- 244 . 

OCTY^. FORMATE. — This est(T, wliieJi roseml)Ios tlie acetate 
in odour, has a specific gravity O' 882 ; and boils at about 198’ . 

OCTYL HEPTYLATE.— This is Hie highest ester of oetyl 
alcohol whicl) can be empkyed uscdully as a ])erfume. its 
formula is CH3((’H2)y().()C((’*H2)5.CH3. Its odour is ])owerfuJ 
and fruity, hut somewliat heavy. 

OCTYL VALERIANATE.— This ester, which has a very 
fruity odour, is a mixture of isomers (of esters of valerianic and 
isovalerianic acids). The commercial article has a specific gravity 
0»869, and^ boils tit about 200''. 

ODOUR AND CHEMICAL CONSTITUTION.— The 
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factors which govern the odour of a hod,y are ap])areiit1y three in 
nifmber ; the incidence and nature of two of these three factors 
arc more or ](^ks nnivcisally accepted, but tlie third is still the 
subject of much speculation and controversy. 

In order that a su]>siant‘e shall evince an odour, it is first 
necessary iliat it sludl he sutiu'iently volatile^ to ensure its trans- 
mission to th(' olfactory r(‘gi6n of th(‘ Jiose ; a substance that is 
nonvolatile ijiso ffteto is odourless. Furtlior, it is necessary that 
the siil>staaK'(‘ shall be siitlieiejitly soluble in tlie aqueous and fatty 
laycjs that prot(‘et tli(i iierves of the nose, as otherwise these layers 
form barriers which the substance cannot penetrate. Thirdly, 
some sort of action must take place bc^tween the substance and 
the nerv('s when th(‘y come into contact. 

'Fwo theon(vs have b(‘en advanced regarding this a(‘tion, one of 
w))ich relates th(^ })henomenon to ehenneal reaction between the 
odoriferous substance aiid tlu^ jnaterials wliich occur in or near 
the nervi's, while tli<5 oIIkt suppoM‘S valency electronic 
vibrations to (‘aiis(‘ resonant vibration of the ntwws. • 

I’he eliemieal tlK'ojy is known as the “ residual atlinity theory 
of odour, ’ and is basc^d on the fact that ewry odoriferous body 
})ossesses in its jnolc'eule some atom whose val<M)ci(‘s are not fully 
satisfied, 'lljis sroius to b(' the k(yvnot(‘ of the whole subject, 
and is set fortJi fully in K. J. Parry's “The Chemistry ol; 
Essential Oils and Artitieial Perfunies,” vol. ii., 4th ed., chap, ii., 
and also in The Avirrlcun Perfuincr, IDUfJ, pj). ,‘145, 405. 
This ('hemieal theory visualises actual c.hemical reaction Irotween 
the odorih'njiis siibstaueo and the “ osmoceptors " in the nose. 

1’he (‘li'ctronic theory ascribes the plrenomenon to the (*!ectrical 
state of the molecarle resulting from the revolving electrons of 
the atom : the revolution of these electrons is su])})osed to cause 
rcNsoiiant vilu-ations wliich induce sympathetic vibratic^ns in the 
nos(^ nerves. 

In this eunnection, it is interesting to note that Tashiro has 
ro(*ent]y provcai that nervous impulse is a chemical rtaielion, and 
not primarily a physical one. 

^’ire main facds vliieh need to be considered are bricdJy^ set out 
below. Only those substances which possess olemeiihs having 
var iable valencies can evince odours, such elements being sul- 
phirr, selenium, jihosphorus, arsenic, antimony, halogen, carbon, 
nitrogen, oxygen ; and the greater this variability, the greater the 
“ osmox>horic power ; thus carbon, the valency'of which seldom 
varies, is only a feeble osmophore, wdiile sulphur is a jmwerful one. 
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These elements are all closely associated in the periodic table of 
©Iwnents, and are apparently only osmo])lioric wlieri not omployii/g 
their full valency. The majority of elements, although possessing 
variable valency, are iionosniophoric becaiiise their compounds 
d6 not poss(\ss the essential concoinit.‘int physical characteristics 
of volatility or solubility. These defects aie not necessarily in- 
herent in the atom itself, but may be due to its maimer of com- 
bination ; thus arsenic, when functioning as a metal, does not 
yield odoriferous comj)ounds, but when part of a I'adiclo, fre- 
quently gives liso to bodies of gr(\a.t pungeiicy. 

If in a-n odoriferous body the atoms witli wliich ll)e jiossibillty 
of unsaturated or residual allinity exists could )>(> rojJaced by 
others when^ siuli allinity does not f‘xist, the odour would be 
removed : thus cacodyl and ethyl hydrogcai si‘Ienid(^ would each 
yi(dd the odomb'ss ethane, methyl iodide would give methane, 
and acrol(‘in(‘ the almost odourless propyhuie, and so on. 

As regards tlie actual ])]Huiomena. of t])e ])roc(xss of smelling, the 
follov\ii\g facts luive to he aecounted for : (1) An odour enn only 
he ])(M‘(*eivcd (luring iulialation, and it only persists for a liricf 
interval alba* the iiilialalion lias hecai com]>i(de(l. This aj)pears 
to siiow ihat the suhs(an(‘(» uiulergoes some raj>id change, and 
that its odour is not mf'ndy due to its prescaice. (2) TJio nose 
rapid!} h(‘eom('s iiis(‘]i.sitiv(‘ aud unable to peixxuve th(^ odour of 
a slll^^^aJle(; vitbout a rest. This iudi(*ates that som(‘ change 
has taj<en ])liiee in tin* uos(‘ itself. (2) TIk^ sa.mc su})st-a.iic(' may 
hax(‘ a dill'enait odour vlien snudt iu a eonecuitrated form from 
that wliieh it has wIkui smelt in a dilute form, indicating that the 
aetif>n is not a^ sim])l(' one. 

A comj)l(d<' f)ihliogra})liy of tli(‘ subjin-t has reetmtly b(*en 
puhlislu'd uiid<‘r tlit' I itl(‘ of ‘‘ Osmies.'’ T. H. D. 

ffiNANTHYLIC ALDEHYDE.— Ih is body is also known 
as auiantJmJ, or hejilylic aldehyde {q.v.), 

(ENANTHYLIC ETHER.- -See “ Elliyl Heptoaio,'’ 

OLEANDER LEAF OIL. — The leaves of Nerlti'in olc,ancUA\ 
belonging to tlio natural order Apo('ymrm\ yield 0-025 per cent, 
of an essential oil having a strong s^iicy odour. Its constituents 
have not been ideiitilied. 

OLEA FRAGRANS. - The flowers of OJea fraqran,^, which 
are known in China as Kwei Hwa {Kouei Jthoa), are used for 
perfumh^ tea. This flower is jircjbably the most popular perfume 
flower in China, and is largely cultivated throughout the country. 
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The floweiKS are in clusters about as lar^e as a spray of lilac, and 
tfieir fragrance sornewliai rrscnihles that of jasmine. There a^e 
two varieties, tlio flower being yellow in one ease and brown in 
the other. Altliough tlic esscaitial oil lias not been extracted and 
examined, some idea of the richness of the perfume may be 
galher(*d from the fact that a single tree when in bloom is capable 
of loading Ihe air of a fair-sized garden with an intense, 
delicious jicrfume. 

' OLEIC ALDEHYDE. This aldehyde, Cj.lIga.CHO, is present 
in oil of onus joot. It boils at 108' to 109 ’ at 4 mm., and has a 
specific gravity O-Solll, and refractive index 1-4557^ It forms a 
semicarbazone nielfing at 87'’ io 89". 

OLIBANOL.— According to Hiinstd {Chem. Zentral, 1908, i., 
1837, ii., 1437), oil of olifianum (see " Boswellia Resins ’') contains 
an alcoliol of fhe formida Ci>(JT 44 (), which he named olibanol. 
It is a viscid oil which possesses a strong odour of olil^anum. It 
boils at 334', has a. spcidfie gravity 0-9570 to 0-9590 at 2^, and 
optical rotation " 05" to -- 71-5". Fromm and Aiitin, however 
{A}nf(fl(i/i, 1913, 401, 253), ajiply Ihe name olibanol to a substance 
of s])oeifie giunily 0-9525 and boiling at 211", of the formula 
whieii ajipc^ars f-o lie a k(‘to- alcohol. (See also Fromm 
and Kh'in, Atmalen. I!^2l, 425, 208.) 

OLIBANUM.--Seo “ Boswellia Resin.” 

ONDRATA ZIBETHICA.- This amphibious animal is the 
Canadian musk ra-t, and is related to the beav(‘.r. It abounds, 
according to Saw<T Odorographia,” i., 11), on the margins of 
lakes and rivers of tlu* Ihnted Sta.t.(‘s and Canada, inhabiting mud 
huts which it builds for its(‘lf. It lives on a({uatic plants. Its 
peculiar musk odour is due lo a whitish jluid seeroted in certain 
glands. Juuir tlu' base of the tail. A small amount of tlje^.skin and 
tail, etc., of this animal may be used locally for perfumery 
puj*j)oses, but although it yields a tincture of ])owerful mu^k 
odour, tlie secretion docs not find its way into commerce. 

OPOPONAX. — There has been much confusion in regard to 
tliis gnm-resin, wlii<J), howevcT, has })een cleared up by E. M. 
Holmes. I’liere is a gum-resin knowji as opo]>onax whicJi has 
been to some small extent employed in medicine. This is the 
true opoponax, which has a penetrating, disagreeable odour 
recalling that of crushed ivy leaves. It has nothing in common 
with the “ opoponax ” of perfumery, the botanical origin, of which 
has long been doubtful. The essentia] oil, which is obtained to 
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the extent of about 8 per cent, from the gum>rcsin, has been 
l^amined by Tucholka {Arch, Pham., 285, 280). It is a fragraht 
oil, of specific gravity 0*870 to 0*005 ; optical rotation about 
— U"" ; and refractive index, 1*4800 to 1*4040. The only con- 
stituents so far identified are a sesquiter})ene, which has been 
termed bisabolene, and a sesquiterpene alcohol W’^hich boils at 
135^" to 137° at 2 mni. pressure. The gum-resin itself has the 
following characters : — 


Cum soluble in w^ater . 
(kijn soluble in alkali . 
Resin 

Essential oil 
Water 

Insoluble vegetable debris 


Per cent. 
22*1 
29*85 
21*5 
7-8 
3*17 
13*4 


The following details as to its actual botanical origin are given 
by E. M. Holmes (P. rO E. 0. R., 1024, 4). He ])refers to call the 
opoponax of perfuni(*ry “ sweet m3Tib ” or Insabol,'* and 
prociHHls as folio svs : — 

One of the most interesting facts about swetd juyrrh is that, 
although it has bt'cn an arti<'lc of Eastern commerce since the 
time of Moses, if not t‘arlier, and has been used in C3iina from 
time immemorial up to tlie present, foj- diina is still the largest 
bny<*r of it, yet it is so ]ittl(‘ kriowm in Eurt)[)e that, on the rare 
occasions when it ap})ears in the ],(Ondon market, it has been 
offered as o]K)ponax, or as a ‘ sort of bdellium.’ As r(‘eently as 
1879 Fliiekiger says of l)isabol : ‘ This drug is of African origin, 
but of the plant that yields it nothing is knowm.’ However, the 
following note occurs in tlie Kew (wardens Report for 1879, p. 40 ; 

‘ A com]>lete set of ]>lants ^nelding the several lands of mvTrh 
known in Eastern cominert^e w^ere reeidvcd at Kew from Mr. 
Wykeham IVny, who obtained them from Captain Hunter at 
Aden. Of Uy.abol Mr. Wyk(‘ham Perry has sent two sj)eeiinens, 
and these, fortunately, Ijave produc(‘(l abundance of fo]iag(\ 
They cannot lx* botanically identified with any certaint^^ at 
present, and, indeed, the species may be hitlierto undescrilxul. It, 
however, is clostjly allied to Bahnnmhndron KalaJ Kunth. He 
had only seen it in Arabia in a cultivated state. By the Somali 
the tree is called hadi, and the ^um hnhhal -hadi ; it is purchased 
by Indian merchants for export to Bombay, and is by them called 
besaboL Xt is also called mhaim hoi, i.e., buffalo myrrb, ])ecaiisc 
it is sometimes given to impj’ove the flow of milk in cows. It is 
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found only in the centre of the Somali promontory, and not in 
A/ahia at all.’ • 

On reading this statennent, I went to Kfuv to see the myrrh 
plants, and on tlie stem of one of the two bisnbol plants I noticed 
an exude(l djoj^ of tlie guin-resin. and w^as coiirieoiisly allowed by 
the 13ir('(;tor to tast(‘- it. I found that it {)ossessed the unmistak- 
able Ihivoiu' of that drug, and there could be no possible doubt 
that this plant is the source of it. The leaves I fiave given an 
illustration of in tlie PkarnKtcadkal Journal vol. viii., p. 80, 
fig. 17). Tlie l(‘aves are nearly free from liairs, like those of 
Comwiphnra Kai(tj\ Imt at K('w tliey arc rc^garded as more probably 
belonging to tlie variety (jlahrc.^re firS of C, crpthTwa of Engler. 
1’lie stone of tlie fruit differs in the tw'O species, but tiiat of the 
variety (jlahrcsccns ]nis not yet Ix'mi (ies<*ribed, so tliat it is not 
yet certain wliet/lu^r it should be nderred to C, KataJ or C. enjihrwa, 
but is ]»rovisionuHy ]>laeod under the ialier. 

“ In 1012 some information eoneerning bisabol was ]>ublished 
in a most interesting book on Britisli Somaliland liy T)rf H. E. 
Drake- Brockman, in which lui state's that thi' bisaliol ivov is 
found only in ilu^ Hand, Nogal Valley, and Ogadain dislri(*ts, 
that tlie tr'(‘c is eadlexi /(adi and tho gum-J'(\sin ladJaL Jutdi by 
tlic Somalis, ano’ is brouglil liy the Ogadain caravans to the 
coast dui'ing the* \vint<T montlis /jarlrd in .^(jtarafr nlins, aiiel 
verer mijr.d frif/i Ihv. trnc, mi/rrh. Ne) Seunali, nnl(\ss he wislies to 
eheait the trade*!', e've'r mixes the cheaipeT habhaLdhadi with tJie 
ti'ue myirh. tr(*e grows tei a greait lieiglit, and is eme* of the 

largest of the desert treexs, Init is fouiui only in the wcistern distr*iets 
e)l Seunaliland. Tiie^ liark is also eedJeeteel by the* Soinab women 
and us(m1 for burning inside their huts, eiwing to its ])]('asant smell 
and suj)])osed medicinal piopertie's. 'Jlie fiaiit is seimetimes 
eolh'clc'el and given to eameds, as th(\y arei said to be very fond 
e:>f it. 

“ The' bisabol or hahhaL'-hudi is brought to the great fair 
hekl at Berbera from November to February, and Indian buyers 
anel otliers from* Zanzibar, Ade'ii, Makulla, and Bombay ceimo 
there' to liiiy myrrh and take some of the liisabol, but the largest 
projiortion e^f the latter reaedies (>Jiina, wlieio it is eni[)loy<xl in 
the prejiaration of the joss sticks used like incense in ilio Ohinese 
tcmjiles. But how it reaches China, whether direct from Berbera 
or indirect rid Zanzibar or Makulla, on the south Ai'abian coast, 
is not certain, although Makulla is known to ha^o been^a port of 
call for Chinese ships wdion the Israelites wore captives in Egypt, 



PERFUMERY 


At Aden and Bombay, myrrh and frankincense are graded, and 
some of the hisabol goes there also ; but as it is cheaper than tiAo 
myrrh, it may be used by merchants for diluting medicinal myrrli. 
At all events, jhcces of bisabol are found in myrrh imported from 
Aden and Bombay, as well as difl’erent varieties of bdellium. 

“ One of the most interesting facts in comuictiori with bisabol 
is that it is evidently the myrrh of Scripture, for medicinal or bitter 
myrrh has never been used as a perfume, and has not a swead odour 
when burnt. In ancient times, perfumes, as the word implies 
(per by smoke, were used like incense, ProN crbs, 

7, xvii.. ‘ 1 have perfumed my bed with myrrh, aloes, and cinna- 
mon ’ ; am? Canticles, 1, iii., ‘perfumed with myrrh and 
frankincense.’ 

“ It is easy to nndorsland that hi-abol might be mistaken at 
a easnal glance for myrrh, as they ])rese.nt much the same ap|)ear- 
ane<', ))ut it could only he mistaken for opoponax hy one who has 
never seen the latter. Bisabol has the same n'ddish-hrowu 
colour Slid whitish streaks as inyirh, hut the tasie is nuieh less 
bitter, and the il.avonr is absolutely dilTenmt and (luitc character- 
istic. O])oponax lias a distinetly nip.leasant odour and taste, 
recalling that of bruised ivy h'aves, and iia.s not the whitish 
streaks and small jiatches that mynb has. rerfumed inyrrh could 
easilv be obtained jnirc in its original jiackages at Berlicra, in the 
Cull of Aihm. during the montlis of Novcmitcr to February, if 
asked for under the name of hahlnd: li/tdi, the Somali name, or 
the name used hy the Indian traders who buy it, and 
who distinguish tiie medicinal myrrh In the name of hpv.rd-M.” 

ORANGE-FLOWER WATER.- See also under “ Noroli 
Oil."- Orange-flower water is the aiiueous distillate separated 
from tlie essential oil of neroli in the luamifaeture of that oil. Its 
odour a]*])ro\imates more nearly to that of the natural liowers, 
for the reason that is given bclowe 'J'he water is of gnait use in 
the manufacture of pmfnmes of the can de Cologne tyjie, as the. 
use of such a perfumed water instead of ordinai-y water for the 
dilution of alcohol results in a eonsidmuhly sujiejior jircjia ration. 
It is practically colourless, but darkens wilh keeping. In order to 
kee]i it in its best state of iireservation, it should he stoi-ed in a 
cool, dark place, in containers full, with the air carefully o.xcluded. 

In orange-flower waiter, all tlie constituents of neroli oil {q.v.) 
are present, many only in traces. But the proportions present 
are obviously**entirely altered on account of the varying solu- 
bilities of the constituents in water. Terpones, for ox'ample, are 
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present in ininnte traces only, whilst methyl anthraiiilate, being 
very soluble, is present in a greatly increased j>roportion. Phenyl- 
acetonitrih^ is also ])r()bably ])r(‘sont in ihe water. Since the pro- 
portions of the various constituents present in the water are 
always ])ractically constant, the water being a more or less 
saturated solution of such constituents, orangcvllower water is of 
much morci constant (dianicteis than oil of jicroli, and certainly 
re])rcsents the odour of the flower more a(*(*urately tluin does the 
essential oil. 

M. Bonis, joint diri^clor of the ( Vntral Laboratory of the French 
Ministry of Agriculture, lias lecently puhlislied Aonales des 
Falsifications ct des Frandes, ’ through P. «t* E. (). it, 1024, 200) 
an ehiboiate account of this p(‘rfumed water and its adulteration. 
He states that for some years there 1kiv(‘ \m'n found in eom- 
mvrv.v Ho-(udled ()rang(‘-(lo\\er waters which have consisted, 
in whol(‘ or in |)art, of a distillate ("eau de brouf s ”) of inferior 
Cjuality o])lain(*(l from orangci buds, and sul)stitut(ss liave (‘ven 
been olTered ]uej)arod from jirtitieial neroJi oil. Distillers bf the 
genuine aiticle have justly eomplaiiied of the in jury to tlicir 
industry brought a houf- hy ihes(‘ adulteratc'd or faclilious waters, 
and the Scjvict* for the Suppression of J'Vauds lias instituted an 
invesf igalion as to fhe Ix'st uu'ans of [)r(H’cnting th(i,s(‘ fraudulent 
practices. In ordca* to put the matter in j)r()j)(T ]M'rspective, 
M. Bonis first considers tin* actued products and theur various 
designations iu c‘ommer(‘e. 

Orange flow er \\atc'r is a product (wifh neroli oil) of tbe^ dis- 
tillation c»f orang(‘ (lowers, which generally takes jilace in May. It 
is satm’atcul with tin? soluble juinciples of nej’oli ; and is also ctallcd 
“can higaradr ])efales" (bigarade-jietal water). Two qualities 
are di Here filiated : 

(1) “ 1/eau 2 kilos.'’ Oru^ litre (50iTes])onds to 2 Idlers of orange- 
flower petals. The still is charged with 1,000 kilos of flowers, and 
enough water is added to allow the recovery of 1,000 to 1,500 
litres. Tlie first 500 litrcKS which comes over is the most esteemed 
and concentrated, and constitutes rcau 2 kilos.” 

(2) Ij'eau 1 kilo.” The procedure of ]>roductioii is the same, 
save that LOOO litres is collected from 1,000 kilos of flowers. 

Less concentrated waters than the above are necessarily of less 
value. Neroli oil is, of course, collected during the process and in 
> the further distillation after these special waiters have been 
separated. ^ 

L’eau de brouts ” is made in June, and is a by-product in 
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making petitgrain oil, which is obtained by distilling the young 
buds, leaves and ends of the shoots of the orange tree* It is only 
prepared in one quality, and its value is about half that of orange- 
flower water. 

, In commerce the “ eau 2 kilos ” is called ‘‘ eau concentrec 
2 kilos and the eau 1 kilo ” K.P.K. (kilo pour kilo), or “ eau 
quadruple.'' K.P.K. diluted with an equal quantity of distilled 
water is known as ‘'eau double,’’ or “eau codex.” The “can 
double,” diluted in its turn with a like amount of distilled water 
becomes “ eau simple,” which is eight times less coneeutrated 
than the “ eau bigaradc jKdales 2 kilos.” Waters styled “ eau 
triple ” or tj‘iplo supericurc ” are intei'inediale between the 
varieties “ etiu double and “ eau quadruple,” There are t hus 
five or six grades of oraiige-tlovver water in eommeree whi(di diller 
by tlieir degree of concentration, without, however, tludr i*es])cctive 
ester content being defined. 

Leaving aside the question of the source of the water used in 
distilhd-ion (distilled, river or rain), wliich is easily recognised, 
an.l also the question of metallic contamination from ])rolr)nged 
contact with receptacles eom]>osed of unsniiable mat ('rials such 
as lead and zinc, it is found that orange- fiower oil contains all 
the constituents of petitgrain oil, with the addition of nH'thyl 
anthrnnilate. Further, Professor Giovatmo Romeo has reetmtly 
noted two hitherto unknown bodies in neroli oil, viz., decylic 
aldehyde and jasmorie. The following are common to both oils : 
Timoncnc, linalol, limdyl acetate, geraniob and gc'ranyl aectato. 
The pro])ortion of tluxse constituents, how^ever, is diiyerent ; thus 
neroli contains from 7 to 13 pen* cent, of (‘stors stat(M] a.s linalyl 
ac(^tate, while petitgrain oil contains fiom 20 to 55 ])cr 
But- on examining authentic sanijdes of the whalers, M. Bonis lias 
found that orangt'-fhnver water shows a])[>r(^ciable quantities of 
esters |(K!P.K. 0*3 per mille as linalyl aec'tate), Imt “eau do 
brouts^' contains no sensible amoimt. One must therefore 
assume that the esters of jxditgrain are almost insoluble in water, 
while those of neroli are soluldc, or else that the ester index of 
orangc-flow^cr water is almost entirely due to one constituent — 
methyl anthranilate. In fact, the .author has found this ester in 
notable quantity in orangc-flow^er water, and coneludfis that the 
ester index is due entirely to it. Although little soluble in water, 
methyl anthranilate readily forms soluble salts. Or, in the course 
of distillation, saponification may take place, giving rise to traces 
of organic acids, which in their turn produce acetates and 
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formates. Methyl anthranilate presents tlie marked characteristic 
of a violet nuoroseerK^e es])ecially visible in an alcoholic solution, 
and very intense in direct sunlight. In order to show this fluores- 
cence, it is only necessary to add to alcohol (f^O to 05 per cent.) a 
half, or (n^cn a (quarter, of its voIuuk? of orange-flower water. 

The above (‘haractcu’s ai’c distiiu't (mough to differentiate 
analytically Ix^twccn orange flowc^r vater and “can de brouts,’^ 
but they iiiv (evidently insnhi('ient to distinguish in cases of 
nnxtiii('s of tln‘ two vsaters The reaction of (hd)lcy alone appears 
to |M*(‘S(ait means of idemtifying natural orange-flower water. 
This consists of adding to tli(‘ suspected water a ])roj)ortion of a 
mixt-ur<‘ of sulphuric and nitric acids, wluai one o])t dns a. hvble, 
fugitive^ j‘osc coloration ; it- is scarcely visil>lo in a veuy diluted 
watei*, or in on(‘ vhieli is very old. Virou's reagemt (sul])ho- 
earbazol t)-ir> gram, sul])liuric acid 100 granis) gives a bright rose 
])rocipitatc with (»raugc ilow<‘r water ; but fis it gives a somewhat 
da^rker one willj “ ('aii dv brouts,'' it cannot be considc^red as 
S])ecinc. I’lic r(‘a(‘tion of lx‘page dejxmds on the fixation <4 iodiiu', 
“can dc bnuits " fixing about t\vi(‘C as mmdi as ora ngc-(low(U’ viator. 

Mxp('j'i{n(‘?)ts in the (V‘ntra.1 j.aboratoiy liave ])rovcd that 
Legal's n-actioii. and Legaks rca(*tion as modilied by I)upaj‘(' and 
Monni(‘r. giv(' a doubk' t(‘st. wIkmi taken together, which forms an 
abs()lnt(' means of di^tinguishing natural orarigc'-llower wabax 
Following the L(‘gal texst, one successively adds t(» orange-flower 
water nitroprussidc* of sodium, soda solution, and acetic acid. 
After tli(' addition of th{‘ sf)(!a a yellow colour dcv(‘]o])s which 
changes to light brown in alnuit one minute, aft(u* adding tlic acetic 
tuad an cmcrald-gnvn colour is (‘vident- ; the same clia,ng(%s take 
place witli oil of neroli and xvith methyl anthranilate. If now the 
modifKMl test of L(‘gal, l)n[>arc and Moimier is used by adding 
sulj>hat(' of ziiH*. to the solution, there forms at the end of the 
rc'aet ion a reddish -violet lake, rising generally to the surfa(*e of the 
liquid ; with neroli oil or m(‘.thyl anthranilate this lak(' is green 
or dull y(‘llow . Lau de brouts " in either ease gives no reaction 
or only a dirty yellow j)recipitate. 

Apj>ar(mtly the tw^o constituents alluded to above — deoylic 
aldcdiyde and ja-smone — play a part in the reactions. 

Technical details of the reagents, and th(' methods of carrying 
out the tests are given below. 

Reagents : — 

(1) Freshly prepared solution of sodium nitroprusside, 10 per 
cent. 
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(2) Solution of caustic soda free from carbonate, 5 per cent. 

(3) Crystallisable acetic acid. » 

(4) Solution of zinc sulphate, 10 per cent. 

To 10 c.c. of the water to be tested, in an ordinary test tube, 
E^jdd successively {a) 0*5 c.c. solution of sodium nitropriissido, 
mix, (?d 2*5 c.c. caustic soda solution, mix, and after about fifteen 
seconds in contact add as quickly as possible (c) 0-5 c.c, acetic 
acid, rotate? the tube rapidly, and add immediately (d) 2 c.c. zinc 
sulphate solution. 

The green colour produced on the addition of acetic acid is very 
fugitive, and it is necessary to add the zinc sul]>hate solution 
before it IosCb its intensity, as it is only in tlies(? circumstances that 
the foi'ination of the (diaracteristie- violet -red lake is (dearly 
observed. The green lak(? form(?(l in tin? case of most synthetic 
waters only appears slowly^ some minutes often (da]>sing before 
tlio col()j‘ati(m is seiui. Ibirc we hav(^ reactions distinguishing 
betw('en natural orangedlower water and {a) artificial waters or 
(6) '' eajLi do brouts." Tt dcx'.s not s(?em, in M. Bonis' opinion, 
essential to have a. specific reaction for ‘‘ eau do bi’outs ” in order 
to undertake the suj>facssion of fraud, if one luis at hand tlie means, 
at least approx hnately accurate, of determining the amount of 
genuine water present in a mixture, be the dilu(uit distilled water 
or water from tin? loaves or fi'otn tlie buds. 

With rf'gard to the ickuitificatior) of and (‘slimation of eau de 
bi'outs ' iu orange-flower water, the (juestion arjs(\s of distin- 
guishing between tin? various grades of liowor waters, and it is 
suggc'stcd that possibly a determination of the ester value might 
yiedd a- solution, as it is almost ('({uivalent to an (estimation of the 
metliyl anthranilab^ conlaiiK^d, To this viu] a nuni))er of expcTi- 
meuts have bcau) pe'rforincal at the (-(uiiral LaboT’atory. A very 
promising niethod consists of tra-nsforining the metbyl estca* into 
a red cdhairing luattor by diazitation and (a)pulation with 
/^-naplithol. The bricdc-rcd or brownish-red anthranilie? a(dd 
obtained is insoluble under the? conditions of the exjKudmeiit, 
and it was hoped that it might be possible to estimate the natural 
ester by calculation fi-om the weight of the acid, but, so far, 
impurities in tlie pn^cipitate have prevented accurate results. 
The question is being thoroughly examined, bof h as to the various 
grad<?s of flower water and the admixture of the petitgrain 
product. 

In concliisioi> M. Bonis suggests that if manufacturers must 
produce sfo many grades of orange-flower water, they might at 
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p. 86), the following orchids produce flowers with the typical 
odour given : — 

Acropera loddigesii . Scent of wallflowers. 

Angrmciuin fat nosum Scent of Uiboroses. 

Bijrenaria inodora , Scent of lily of the valley. • 

Catasefinn scnrra . Scent of lemons 

Oattleya Eldorado . Scent of roses (in the evening only). 

Chisform ionasm um . Scent of violets. 

Gceliopsis liyacmthisma. Scent of hyacinths. 

Dejidrolmm, ghm.ace.mn Scent of lilac (morning) ; scent of 

heliotrope (evening). 

Dendrobium nohih Scent of hay (evening) ; scent of 

honey (noon) ; scerff of primroses 
(morning). 

Epidendrvm vulnervm Scent of carnations (moniing). 

Maxillaria arornatica Scent of cinnamon. 

Odontofjlofisum citrosmn Scent of roses. 

0do)i1ogh)s.Hmn gloriosmn Scent, of the hawthorn hedge. 

Orchis sawhricina . Scent of elder flowers. 

Zygoptlaimn mackayi . Scent of hjaiointh (during s'.aishine). 


Natural orihid perfumes do not exist in commerce, but are 
mixture's of ariiHcial comf)ouiids rounded off with natural lluwor 


extracts. As viJl bo seen from tlio above list., the 2:>orfumor has 
j)lcnty of scoj)(‘. to b(‘ original and still keep his composition true 
to name.'’ Am;sl salicylate', the est('r knowj] as orchidee or trejh^ 


is the artificial substance upon which orchid j)erfumcs are bavsod. 
' Some j'crfumci's prefer a blend of amyl salicylate with isobutyl 
^^aJicylate. Mousse de chene is decidedly the best fixative for 
hn'Iiid ])<'rf\imes. 

f ORIGANUM OILS. — See “ Marjoram Oil.’’ 


ORIXA JAPONICA, OIL OF. — According to Shinosaki 
{Jour. Soc. Chem. hid., 40, A., 5tH)), the leavesyind twigs 

of Orixn Japonica yield about O’Ol per cent, of an essential 
>oil resem]>ling kuromoji oil in odour. It has the following 
! (diaracters : — 


Specific gravity . . 0*8974 

‘ S])ecific rotation . . — 4-5'^ 

Refract ive index . . L4750 

Ester value . . . 37-3 

Ester value after acetylation . 100*3 

It contains camphene, linalol, a terpene alcohol, and esters of 
the two last named. r 


ORRIS ROOT. — The so-called orris root is in reality a. 
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rhizome, but as it is so generally termed root/’ that designation 
may be maintained here. This substance is of extreme value in 
perfumery, being used to a considerable extent in the form of 
powder (indeed, the old-fashioned violet ])ow(ler is a mixture of 
orris root and starcli, with or without a little extra perfume), and 
in the form of a tincture, an absolute, and a distilled oil. 

There arc three species of orris (natural order Iridav) which 
are usually employed for the production of commercial orris 
root. These are /m gcrmanica, 1 . 'pollidd, and 1 . forenthio. 

Iris germanica is common in the environs of Florence and Lucca, 
and is also found in central and soutliern Europe, in northern 
India, and in •Morocco. This is the s])ecics most usually cult ivated 
in gardens in the temperate countries of Europe. It has dark 
blue flowers. 

Iris — This plant resembles Iris germanica, but its 

flowers are of a paler colour. It is found wild in the calcareous soils 
of Istria, and is also abundant in the environs of Florence and 
Lucca. 

Iris florentina - si)ecies bears large white Howlers. It is 
a native of the coast of Macedonia and the south-west coasts of 
the Bhick Rea, It is also indigenous to the area surrounding the 
Gulf of Ismid, and the vicinity of Adalia in Asia Minor. It is also 
found in the neighbourhood of Lucca and Fkm'Tice, though it is 
not indigenous, but mcrel 3 ^ acclimatised to these last named 
situations. 

The finest roots are produced in Tuscany, and ai'o known 
comm(u*ciall>^ as Florentine orris, but it should be remembered 
that this term does not mean the root of Iris florcniina, as all 
three species are used for its production. 

The ihizomes are dug up towards the end of the summer, the 
small roots and growing portions of the plant removed, and the 
clean rhizomes peeled and slowly dried. When fresh, the rhizomes 
are nearJ^^ odourless, and some change takes place during the slow 
drying and storing of the rhizomes, which results in the develop- 
ment of the odour characteristic of the orris “ root.” 

The most esteemed variety" occurring in commerce is the 
Florentine rhizome, which is usually prex}ared with great care, 
carefully peeled, and is pale in colour and very fragrant. 

The Verona root is less esteemed, as it is 3 ’^ellowish in colour, 
less carefully peeled, and is less bulky. The dried and peeled 
rhizomes vary ki length from 1 to 4 inches, and are white or 
yellowish m colour, somewhat flattened, and exhibit enlargements 
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and contractions, each enlargement representing one year’s 
growth. One or two short branches are generally attached to the 
larger extremity. The under surface bears numerous nearly 
circular root scars, easily discernible, and the upper surface bears 
less conspktuous leaf scars or traces of the fibrovascular bundles 
of the leaves where they have passed from leaf to rhizome. The 
tissue of th(‘ rhizome is firm and compact. On a transverse section 
the rhizome sliows a somewhat narroM^ cortex, se})arated by a 
brownish (‘am bin m linc^ from the large stele. The last named 
(^onbiiris visible crystals of calcium oxalate. 

In powder, orris may be recognised by the starch grains, which 
are mostly simple, oval or elliptical in shape, and \^ith a distinct 
branching hilum. 

Mogador orris is much darker than the Italian rhizome, and is 
much I('ss valued tlia-n the latter. Indian orris is poor in quality, 
having but little aroma. 

Originally the roots were derived from wild plants, hut to-day 
corisid(‘rable jdantations of culiivait^d orris exist. 

The tluw speei(‘s of iris above deseiibed are known to the 
Tuscan jK‘asants uikUt tlu' name Gi(i<jglolo. and wlum gathered 
from UTuailiivated plants the ro(.)is are mixed indiscrimiiiatel3% 
the gr(*aU*r part then consisting of Lujermanica and 1. pallida, 
which aj*e t}u‘ most common. 

The cultivation of tJi(‘. iris is an imjmrtant industry in Italy, 
and tlie following excclJoiit account of it will bo found in the 
rerfumert/ and KsseMial Oil Record, 1022, 270 : — 

“The fria pallida, frcjm whicli tlie (])iilk of the) orris remt 
of commerce is obtained, is grown in the districts surrounding 
Florence and Siena, in Tuscany. TJie dry, sun-baked Florentine 
hills seem peeuluirly ada.j)ted for the cultivation of tlie iris, whc're 
other plants would be much less remunerative. Comparatively 
unimportant ])]aiitations of iris are scattered over northern Italy, 
particularly iji Veroufi. The most renowned district for the culti- 
vation of iris is tliat of wliiclt the village of San Polo is the centre. 
Here the iris rej:>resents a source of wealth on a level with the 
olives and wine for whicdi Tuscany is justly world-famous, for 
it is precisely in tliis district that the famous Lucca olive oil, 
and the even more renowned Chianti wine are obtained. The 
farmers in San Polo sell tJieir orris root to merchants in Florence, 
Milan, and Leghorn, who send it to France, England and 
Germany. It may be said that practically eveXy farmer in San 
Polo grows iris as one of his crops, and from it he obtains the 
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flowers, bulbs, and roots. The bulbs arise from the ' eyes ' that 
develop in the root, and vary in number, according to wheth(?r 
the plant is a two-year-old or thrcc-year-old plant. They are used 
exclusively for reproduction, and for tliis purpose they arc 
removed from the root in such a way as to leave a j)art of the root 
still adhering to them, as otherwise they are useless. The flowers 
are sold for ornamental purposes ; tlic seeds do not reach maturity, 
and after cutting the flowers the root undergoes more rajnd 
development aiul becomes richer in its aromatic principle. In 
San Polo the fields given over to iris have a southern aspect to 
ensure the greatest amount of sunshine. As soon as the previous 
crop is cleareU off, the ground is harrowed and then levelled off. 
By the middle of September the bulbs are ready lor ])lanting. A 
man digs small trenches about 4 ineh('S den^p and 12 inches apart ; 
he is followed by a boy who plants the bulbs about 10 inches 
apart in the trenclies, and great care must be takfui in this opera- 
tion t(j see that the root a<lhering to the bulb is at the bottom of 
the treiK*li. Tlie bulbs are cov^ered by the soil thrown up when 
the next trench is dug. The bulbs used are those gathen^d in the 
previous May or June, and about SO, 000 are refpnred for each 
acre of ground. A maji and boy can ()lant a])out 0,000 per day, 
working in the above manner. No partieular nuinuie is rofjuij-ed. 
Phosphates hav^e Ih'Oii tried without success ; it was found that 
larger h'aves only wore obtained, whilst dung gives rise to rot. 
On the oth(M‘ hand, })ri‘viuns ero})s — esp(^cially lupiruJIa — a-ni 
somotim(‘s dug in and act as manure, whilst this oj)eration also 
serv(‘s to nauler th(' soil fr(*(^ from weeds and betlej* adapted for 
the development of the rhizome. The harvest is gathered in Juno 
and August, when the seasoTi is dry and the roots are well <ie- 
vclope-d. The plant is taken up, and the rhizome is se])ara.led from 
the hnlhs and fr(‘('d from thi‘ roots. The bulbs are lakl out in the 
open, with a covering of leaves over thorn, in j)repara.tion for their 
planting in the next s('ason. The rhizomes are immersed in clear 
w^ater to free them from adhering eaithy matter, and following 
this they are deeo?*ticat(Ml. I'his operation is called niondahira 
locally, and is performed by women provided with small curved 
knives. Becortieation by machinery has been attorn pt(vl, but 
owing to the great irregularity in shape of the rhizonuvs, success 
has not been achieved so far. The machine consisted of a sharp 
circular knife, against which the peasant girl places the rhizome 
to be deco^ticatefl. To any one ac(piainted with the work it will 
be evident that by this means proper decortication can only be 
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obtained with great waste of valuable rhizome, whilst economy 
can only be effected at the expense of incomplete removal of -the 
cortex, so that the operation is done by hand. The decorticated 
rhizomes are again cleaned in water, and then exposed on straw 
mats to dry in the sun. They are occasionally turned, in order^ to 
expose difff^rent surfaces, and thus effect uniform drying. Desic- 
cation is effecited in artificially- warmed and well- ventilated 
chambers only when the weather is wet. It is customary to 
leave the rhizomes in the oj)en during clear, calm nights, in order 
to make them winter, the result (it is said) of the action of the 
morning dew. When perfectly dry the rhizomes arc ready for sale. 
The labour re(iuu’ed for the cultivation is compfirativcly little 
during the early stages ; the planting of thp bulbs and the atteii^ 
tion given them do not absorb much labour, which at that 
time is well occupied in tlie production of olive oils, wine, etc. 
In the summer, when the vines and olives require little iittcntion, 
the iris harvest and the subse(juent< cleaning and decorticating of 
the rhizomes absorbs j)raetically all the locally available labour. 
In the Florentine liills, in which San Polo is situated, is produced 
by far the gjxvator part of the total output of orris root, lii an 
average season al)()iit tons represent the San Polo production, 
an acre of land yielding a})out one ton. The rhizome is worked 
up for tlie various orris ])roihicts in Milan, (Jrassc, London, etc., 
and also, before the war, in (Termany. The manufacture is, 
however’, cliielly ceiitivd In ({rasst*.” 

Fresh oiTis root has an earthy siiudl, but little or no aromatic 
odour. 'J'he cliaracteristie oilour, whicli closely resembles violets, 
develops during tliedrying {)roe(\ss and is prob{d)ly due to fermenta- 
tion ehang(‘s. The (xlour improves by kcjeping the root, and is 
usually at its best after about two years. 

Iris (]c,rni(uiic(t is cultivated in Kashmir. It is known in India 
by its Persiaii name Bikh i~hanafshah, which jneans violet root.’’ 
Indian orris root does not, as a rule, have its bark removed, and 
is of mu(*h less o<lour value than European orris root. 

Normally distilled oil of orris is a semisolid substance, usually 
known as concr-ete oil of orris. It consists of from 80 to 85 per 
cent, of myrislic acid (sometimes even 05 per cent.), with a com- 
paratively small amount of odorous constituents. Nine samples 
were found {l\ <b E. 0. iL, 1917, 275) to have the characters 
given in the table on p. 535. 

No, 1 was remarkablo for its high melting poirif-, and a solution 
in It) parts of alcoliol (90 per cent.) crystallised into a semisolid 
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Melting point. 

Acid value. 

Saponification value. 

1 

50° 

208-0 


2 . 

45“ 

188-6 

208-7 

3 . 

39° 

203-8 

207-8 

4 

40“ 

156-7 

173-6 

6 

39“ 

182-6 

198-3 

6 

46° 

217-6 

244-4 

7 . 

34“ 

118-8 

! 174-8 

8 . . ; 

39“ 

207-5 

212-1 

9 . . 1 

I 

44“ 

1 

183-3 

208-7 


mass at about 20°. The other samples remained in solution 
at 15° in the same proportion of alcohol. No. 7 had a very 
low melting point and a very low acid value, the difference between 
the a(ud and saponification values being considerably greater 
than ip^the majority of cases. 

Tiemami and Kriiger {Berichte, 1803, 26, 2075) found the 
odorous constituents of the oil to consist mainly of the ketone, 
irone, (g.v.). Schinmel db Go. (Eeporf, A])rii, lfK)7, 70) 

have identified in the oil, the following bodies : furfurol, a torjxme, 
de(\yl aldehyde, nonyl aldehyde, naphthalene, and a ketone. of 
the formula 

Langlais and Goby (P. d? E. 0. 7?., 1924, 31 1) have isolated the 
following acids from concrete oil of orris : octylic, nonylic, docylie, 
uiidecylic, duodecylic, and tridecylic. 

The following fractions were obtained by distillation at 
40 mm. : — 

(1) 150° to 151°, small quantity of liquid. 

(2) 102° to 103'', small quantity of litj^uid. 

(3) 174° to 175°, important quantity of solid. 

(4) 185° to 180°, small quantity of liquid. 

(5) 198° to 200°, important quantity of solid. 

(6) 210° to 212°, small quantity of solid. 

The following is the account by the authors of their examination 
of these fractions : — 

(1) The fraction distilling at 150° to 151° had a fatty smell, 
recalling that of perspiration. Redistilled under a j)ressure of 
4 mm., it boiled at 1 10° to 111°, and at 237° to 238° under the 
normal atmospheric pressure (758 mm.) ; the boiling point corre- 
sponded to that of a saturated octylic acid. To verify this we 
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took the index of acidity : 1*214] grams of the acid in alcoholic 
sdhition required for neutralisation, in the presence of phenol- 
phthalcin, 10*7 c,c. of semi-normal potash, showing the molecular 
weight to be (for a monobasic acid) 145*5. The calculated 
mokxjular weight of the saturated acid with 8 carbon atoms is 144. 

Finally, wo ])re])ared tlu*. anilide by h(‘ating for two hours on 
a sand bath with a sligJit excess of freshly distilled pure aniline. 
After purification and r(q)catc(l crystallisation from weak alcohol, 
the m<‘lting point was found to be 51" The re(j(‘nt work of 
Asano {BuiL Soc. ('hiw,, 1022, 32, 1710) indicated 51*5^ as the 
melting ])oint of octylic anilide. 

Determination of the silver salt : Weight of sul>^tance, 0*755 
gram ; weight of silver, 0-3(>0l gram ; calculated for ( Jgll, r/l^Ag ~ 
251, found 251*7. Tljcse results confirm the presence of ca])rvlie 
acid. 

(2) Fnu*tion 102 ’ to 103 ’. Iledistill(Hl, it boiled i\i 253" to 
255^ at atmospheric ])ressur(\ and at 12h to 125 ' under a 
prossui‘(* of 4 mm. TIk 5 molecular w('ight calculated iiiitimlly from 
the index of lumtialisation : Weight of suhstanee, 0*800 gram, 
neutralising 1 1*2 e.c. of semi-normal ])o1ash - 15t» (ealeulated for 
(;H, «(), _- I r,<s). 

»Saponifi(‘d with (‘thyl aleoliol and sulphiuh^ a(‘i(l the esteu' had 
a very pronouneed odour oi rum. 

The anilide melted sharply at 57 thus pointing to a. nonylic 
acid, /.c., pc'largonic acid. 

It lias always b(‘(‘n believed that pciargonic, acid (\\istcd in oil 
of geranium (Pk'ss, Lie/ng^s Annaleii, 18 P>. 59, 5-^1) from 
(jotnvni (Hloruii.^smncni and P. roscinn ; hence th(' name' -but 
Aic-w.y. Brldintnd <1* (^o. {Berich!. Ajiril, 1804) hav(^ only idciititicd 
in this oil an unsaturated acid~-tiglic acid. 

(3) The fraction 171' to 175' forms an imj)ortant part of 
the fractionation. The boiling point is from 138 to I3t) ’ under 
4 mm. ])i’cssure, and from 2(>8" to 270'^ at normal pressure. After 
a first cjystallisation in weak aleoliol and cooling, we hav^e^ made 
the barium salt , which is deposited in the crystalline state from its 
boiling a(|ueous solution. Converted into the sodium salt by 
sodium earbonate and liberated by dilute sulphuric acid, the acid 
melt(‘d at 31‘\ Tlic molecular weight found was 172*3 (calcu- 
lated for CijjHgoO.^ ~~ 172). The anilide recrystallised thrice from 
70 per cent, alcohol molted at (55*5''. The ethylic ostc^ under 
4 mm. boiled at. 1(>4‘^. The specific gravity at 28^' <^’as 0*851). 

Ester index : Substance, 1*505 grams, semi-normal potash 
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15 c.c. gave 279 ; calculated for C^Hu^COOCoHs -- 280. These 
results clearly point to decylic (capric) acid. 

One would naturally expect to find these two acids, 
because the researches of Schimmel Co, [BnlJ. Sent,, April, 1907) 
have shown the existence in oil of orris of their two aldeiiydes — 
nonylic and dccyrKj. 

(4) We have seen that the preceding fraction is solid at a 
temperature about 28 . The higher fraction, 185 ' to 180'^, is 
completely liquid, which })resumes the preseiu^o of an acid with 
an uiK^qual number of (uirbon atoms ; for according to the rule 
of melting points wo liiid in liomologous series (esj)ecially with 
the aliphatic acids) that the higher terms with unequal carbon 
atoms hav('- lower molting points than those of the terms (‘ontaining 
one less atom of carbon, so that whilst the boiling })oint rises 
progressively, the melting p(»int of snccc^ssive t(a*ms rises and falls 
ali-crnately. 

dearly we have*, hen^ undecylic acid, of which the constants 
found tim as follows : boiling point under 4 mm., 145" to 146° ; 
under normal pressure, 280°. 

As the melting point r)bserved, 27", was slightly below^ that 
found in literature, we ha ve verified that the acid does not poss(^ss 
a doul)le ethylcTuc Jinkingf When dissolved in sodium caibonate, 
the acid do('s not decolourise })ota.ssium pei*mangranate. * Bromine 
dissolved in carbon bisulphide is not decolourised, and no bromide 
is formed. The iodine value is ttd/. 

Mol(‘Ciilar weight : Substance, 1*358 grams ; semi-normal 
})ota,s]i 14*8 c.e, gav(' 1S4 -(*alculatcd for ~ 18(). 

The anilide nu'lts at 71 Asano found fiS ', and Robertson 
(Bnll, Sor, ('him., 1920, 28, 132) 7I‘\ 

Betoiinination of silver salt : Found 291, ealeulabul 293. 

(5) The fraction 198' to 200 ' is crystalline, and as irnpojtant 

as the eafuk* acid fj-action. Redistilled under 4 mm. it passed 
over at 153° to 154". Purified hy recrystallisation from 70 ])er 
cent, alcohol, the acid mcUetl sharply at 43*5°. The jnoli'cular 
weight is : Substance, 1*0964 grams, which neutralised 1 1 c.c. of 
semi-normal potash, giving 199*3 — calculated for -200. 

The anilide very (‘asily crystallised from 70 per cent, alcohol, and 
melted at 75*5" (Asano, 75"), thus proving normal dodecylic acid, 
that is to say, lauric acid. 

(6) The fraction 210'' to 212 ' came over imm(‘.(liately before the 
myristic acid — — and is composed of tridccylic acid, melting 
at 39° (stated to molt at 40*5"). This diflerencc is undoubtedly 
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due to the small amount of material at our disposal, which made a 
more complete purification impossible. The molecular weight 
^ found was 215 — calculated for 

The anilide, after three crystallisations from 70 per cent, alcohol, 
melted sharply at Sl-O'" (Robertson has found 80°). 

(7) Finally, the mother-liquors of the Cy fractions, much diluted 
and cooled, threw down a slight precipitate which, rccrystalliscd 
from water, melted at 121°. Mixed with benzoic acid the melting 
point was not lowered, and we think it to be benzoic acid. 

Licpiid oil of orris — that is, the oil almost entirely freed from its 
myristic acid, and therefore highly concentrated — is to-day a woll- 
recognised commercial article. Its characters are afe follows : — 


Specific gravity 
Of)iical rotation 
Refractive index 
Acid value 
Ester value . 


0*930-0*042 
-f 14° to + 30' 
about 1*4050 
1-10 
20-40 


It is solulde in 1 to 1*5 volume of 80 per cent, alcohol. 

This Ihjuid oil, wliieh is a very experisive and a very beautiful 
preparation, must not lx* confused with a so-called “ liquid orris ” 
whi(‘h is merely the [u’oduet of distilhition of cxHlai* wood oil, or 
some similar oil, with orris root, or ju’obably more frecpioiitly a 
direct mixture of the two oils. 8uch oils usually hav^e a specific 
gravity over 0*040, and are kevorotator}^ up to • - 30°. 

OSMORHIZA LONGISTYLIS. -The root of this plant, 
which belongs to the natural order lJniheJU.Jp.ra>, and which is 
known in North America as sweet cicely,” has a marked odour 
of aniseed and fennel. The root yields about 0*0 per cent, of essen- 
tial oil whicJi has hvoii examined by Eberhart (Pharm, Rinuhcli. 
Neir York', 1SS7, 5, 140). He found it to have a specific gravity 
1*0114 at 10° ; congealing point, 10° to 12° : and melting point, 
10°. It contains anetliol as its principal constituent. 

OSYRIS OIL.-' A tree of this genus, whieli is probably 
Oiiyri'i tcnuifolia, is known in East Africa as a sandalwood ” 
tree. Schinmel <f* Co. have examined the essential oil from the 
wood, wliieh was obtained to the extent of 4*80 per cent. {Ihricht, 
October, 1008, 111). It had the odour of a mixture of vetivert 
oil and gurjun balsam, its specific g^a^4ty was 0*0477 ; optical 
rotation, — 42° 50' ; refractive index, 1*5210 ; ester value, IM ; 
and ester value after acetylation, 72*8, corresponding with a 
content of sesquiterpene alcohol of 30*5 per cent. Two oils, 
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described as African sandalwood oil, but whose botanical origin 
is unknown, have also been described by Haeiiscl {Chem, ZenfmL, 
1906, ii., 1496). They had the following characters : — 


Specific gravity at 20° . 

0*9589 . 

0*9630 

Optical rotation . 

- 40*6° . 

. -- 60*96° 

Ester value . . . 

17*9 

8*1 

Ester value after acetylation 

88*3 

68*6 


These were probably osyris oils. A sesqtiitorpene and a sesqui- 
terpene alcohol were found present in the oils. 

OTTO 9F ROSE.— See ‘ Rose.” 

P^^ONOL. — ^This body is a ketone of lh(^ ff)rmula 
found in the essential oil of Pwonia Moufrui. It ispam-inetlioxy- 
or/Ao-hydroxy]ihenyl ketone. It has been j)re])ai‘ed synthetically 
by Hoesch (Berichk 1915, 48 , 1122). 

PALMAROSA oil. — S ee “ Gingergrass Oil.” 

PALO BALSAMA. — Sec Bulnesia Sarrnienti.’' 

PALO BLANCO. — The tree Chionc glabra, belonging to the 
natural ord(M' Rahiawv, is known in Port-o Rico as l^ah) bianco, 
and in (Jrenada as viohtte, on acc^ount of the aromatic odour of 
its flowers. The bark yields an oil having a somewhat disagreeable 
odour, which contains hydroxy-acetojflicnone. Tho flowers do 
not apjjcar to be use<l (commercially for jKTfinnery ])arposes. 

PAOLO AMASELLO.— The wood of the tree known in 
.Brazil as Paolo awasello, of unknown botanical origin, yields an 
essential oil to the extent of 0*41 ])er cent. It has IxHm examined 
by Boure-Ucrirand Fih (BullcJ-m, October, 1910, 41). It has an 
odour resembling that of linaloe oil. It has a specific gravity 
0*8892 ; oj)tical rotation, — 54'. It consists mainly of free 

alcohols, witli 8 per cent, of esters calculated as 1 inalyl acetate. 

PARACOTO BARK OIL.™ The bark of an unknown species 
belonging to the natural order Monnniamr, known in Bolivia as 
paracoto bark, yields an essential oil of specific gravity about 
0*027, and optical rotation — 2°. According to Jobst and Hesse 
{Annalen, 1879, 199 , 75), it contains two hydrocarbons, but 
Wallach and Rheindorlf (Annalen, 1892, 271, 300) have shown 
that thev earlier work was not reliable, and have proved the 
presence of cadinene and methyl -eugemd in the oil. 
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Para - METHYL - ACETOPHENONE. — See » Methyl- 

aeetophenone/’ 

Pam - METHYL - HYDROCINNAMIC ALDEHYDE.— 

This body is a liomologue of hydrociiinamio aldehyde, an aldehyde 
which exists naturally in the essential oil of cinnamon bark. It 
has been j)rej)ared synthetically, and lias a powerful odour of the 
lily atul lilac ty])o. 


PA 1 GHOUL/I. Oil of patcliouli is distilled from tlic leaves of 
sevci-aJ R})ecies of Pogostenion, of which P. patchouli is the principal 
E. M. Holmes {P. rf- E. 0. It., 1913, 300) gives the following details 
of the botany of the jilants : — 

Patchouli has long been luiown and cultivated I'n India and 
the Straits Settlements and various islands of the Indian Ocean, 
so long, indeed, that its original country was lost sight of until 
(juite re(!ently. The first notice of its appearance in European 
commerce ap})ears to bo that given l)y ,7. J, Virey in 183() (Jour, 
de Pharm., 1820, xii,, (il), who describes it as having been l)rought 
from the Isle of liourbon, where it w;is evidently cultivated, the 
flowers being unknown, and it was iloubtfully rcfernsl to as 
Phctnmlhioi (jrarmlcns, a native of New Hollami. It was spoken 
of by Virey as an insect ifuge for clothc^is and shawls. The first 
noticui ol a sale of the Ic'aves in this country is an aceemnt given 
by Dr. Pereha (Phann. Jour., 1, iv., HO.S) „f forty six cases 
put up for .sale at (Jarraway's (foffee House' on .lune 27th, 1844, 
by Mr. Ellis, a drug broker of Fcmchuich Street. It was recog- 
nised by Pereira as an East Indian iwoduct, for he says that tt 
had bcion introduced info th.c Botanic (lardens at (Jaloutta from 
Penang, but that up to I.S4J it had not llowei-ed there. Its 
introduction into Europe is a<!Counted for bv a writer in the 
Gardener'^ dhrouickilHlW. (i 4 . 5 ), |,y the fact'that a few years 
previously real Indian shawls bore an extravagant 2 )rice, and 
purchasers could always distingidsh them by their odour of 
patchouli. I he hrench manufacturers, having discovered the 
secret of (heir odour, imixated the dried leaves to [)erfume articles 
of their own make and thus {)alm off their homes])un shawls for 
real Indian. The true patchouli plant was first described and 
illustrated in 184.') by Dr. Pelleti(n-Sautolet (Mem. de (a Soc 
Roy. des Rcience.<i d'Oriemis, v., 6), the plant having flowered at 
Orleans in h’ebruary of that year, and the de.seription and figure 
of the plant wore copied into the Pharmaceutical Journal (1840 
I., viii., 574). In the spring of 1840 the i»lant flowered at Kew’ 
and another illustration of the plant, but not quite so character- 
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istic, was published in Hooker’s Journal of Botany (1849, 329, 
Plate XI). The plant was supposed by Pellctier-Saiitelet to be 
hitherto undescribed, in consequence of its not having previously 
been seen in flower, and Ije named it Pogosteuion jjatchoidi. Its 
native country remained unknown until 180(), M'hen E. M. Holmes 
was able to identify it as a wild plant of the Philippine islands 
which had been described by Blanco under the name Mvmilui 
cablin in the “ Flore de Filipinos in 1837. 

The true patehoTili plant, Pogoslomon 'pakhouli, is known in 
the Straits Settlements as Dhaluni wangi or Tilam ivangi (“ sweet 
patchouli "). It is cultivated principally by tljc Chinese in the 
Straits Setttements, Penang, Singa])ore, and the Wcdlesley 
Province. '^Fhc plant rarely, if ever, flowers there. Pogostemon 
Heyneanus is the plant which is cultivated in »)ava, and there 
flow(‘rs freely. It is the s(jurce of Javan patchouli oil. 

Patchouli leaves are often grossly adulterated by admixture 
with other leaves. Amongst the commonest of such leaves are 
those of Ocimum hasilicum. var. 2J'llosum, known as Jtiil'a by the 
Malays. The leaves of Urena lohata var. si/nuata, a weed growing 
in the cocoanut plantations, is also commonly used. This is the 
plant kiiowai as Perpuht by tlie Malays. IJyptis suai'^eoleusy 
Plecfranihus fridicos Ldvatera olbia, and Paronia Weldenii are 
also used as adulterants. 

The Sekais of Batang-Padang call the ])atchouli plant Boo7h 
li’aUf, and the Malay name is Poko uila'ni, the leaves being called 
Down nilam. 

In the Malay peninsula patchouli is both a wild and a cultivat(^d 
crop. Tlie plant is a soft-leaved herb from 2 to 3 feet in height, 
much brancluHl, with scpiare stems. It is fr(^quently ])hinted on 
newly cleared ground among tlu' felled logs. Being slightly shaded, 
it flourishes in su(‘h ground. The best method of proi)agatiun is 
by (Sittings of young shoots. These are cut al)out 3 inches long, 
care l)eing taken to cut tl)em just below a joint. It can be grown 
as a catcli ci'op in young rubber or cocoanut clearings. TIh^ first 
crop can be gathered six months after the planting, and after- 
wards twice a year. In Perak it is usual to take only three crops, 
and then to replant. The leaves, when cut, may be dried in tlie 
sun, but it is better to dry them in the shade by spreading them 
o\it in a cool and airy shed. After about a week they arc dry 
enough to be packed in bales. Most of the leaves arc exported to 
Marseilles ^and New York. 

Patchouli was at one time cultivated to a considerable extent 

641 



PEBFUMEJtY 


in Johore. The industry, however, declined on account of more 
attractive crops being available, but within the last two or three 
years efforts have been made to revive it. 

When cultivated on suitable land, three cuttings may be taken 
before replanting becomes necessary. But the land requires a 
rest, for subsequent plantings, if cultivated without such rest, 
give very poor croj).s. The dric^d plants are distilled in ordinary 
steam stills, and the oil is of quite fail* average quality. 

A j)icul (13.3 lb.) of leaves jdelds from 24 to 30 oz. of oil, or if 
the leaves are free from stalk, about double this quantity. There 
is added to the stills, in some distilleries about 25 per cent, of wild 
patchouli, known as Tilam onian, a species of Pogostsmon not yet 
determined. 

Two sj)eciefl of MicroUma are also distilled for so-called 
patchouli oil, which, however, is not found in European markets. 
These are Microtce/na a/fftosa, wdiich is cultivated in Assam, and 
M. rohvsta, which is distilled in China. 

A. W. K. de Jong has carried out an investigation to r.vssist the 
distilkirs in knowing the best conditions for gathering and dis- 
tilling the knaves. He found that the (‘ssential oil resides prin- 
cipally in the three to}) pairs of leaves, that is, the most recently 
developed ones, and he recommends thao the plants should be cut 

Singapore Oils 


Specific gravity . 
Optica] rotation . 
Refractive index 
Ester value 


FrcKh leaver?. 


0d)()55 
- oV 18 ' 
1-.5082 
20 


Dry leaveH. 


0*0587 
- rAf 58' 
1-5077 

1-1 


Fermented 

leaves. 


I 0-9628 
: - 52'^ 23 
1-5078 

: 1‘5 

i 

l 


Java Oils 



Fresh loaves. 

1 

1 

Fresh leaves. 

1 

j 

! 

' Dry leaves. 

Slightly ' Strongly 
fermented | fermented 
leaves. ' leaves. 

Specific gravity . 
Refractive index . 
Optical rotation . 
Ester value 

0-0344 
1*5005 
i — 15° 20' 
i 9*9 

0- 945 

1- 5048 i 
— 15° 20' 

5*8 1 

1 

0- 9168 

1- 5003 
+ 3° 15' 

1 6-1 

[ 

0- 9229 

1- 5006 ! 
+2° 32' 1 

4-9 

i 

' 0-9210 
1-5021 
— 0° 26' 
5-0 
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directly five pairs of leaves have developed. In the case of 
Singapore oil, he found that there was very little difference 
between oils distilled from fresh, dry, and fermented leaves ; but 
in the case of Java oils the treatment of the leaves has a consider- 
able influence on the characters of the oils. The tables on p. 542 
illustrate the influence of such treatment. 

For g 63 neral purposes three different types of patchouli oil may 
be recognised as commercial articles : (1) oils distilled in Europe 
from dried leaves ; (2) oils distilled in Singapore ; (fl) oil distilled 
from Java leaves. The oils distilled in Europe from the true 
patchouli leaves vary in colour from a yellowish or greenish- 
brown to a dark brown. The oil is very viscid, and crystals often 
separate in the oil on standing. The Euroi>ean oil has the following 
characters : — 

Specific gravity . . . 0-9G6--0‘995 

Oj^tical rotation . . . — 47^^10 — 71° 

Refractive index . . . 1*5070-'1*5125 

Ester value .... 2-12 

Oils distilled in Singapore are usually paler in colour than the 
oils distilled in Europe, and their odour is less intense. These oils 
have the following characters : — 

Specific gravity ^ . . . 0*9()0— 0*985 

Optical rotation . . , ^ 45'^ to — 05° 

Refractive* index . . . 1*50S0~1*5120 

Ester value .... 1*5-7 

Java patchouli oils distilled in Java, known as “Dilam oil ’’ to 
distinguish them from the oil from Pogostemon patchouU, have the 
following characters : — 

Specific gravity . . . 0-925-0-935 

()])tical rotation . . . +3° to — 33° 

Ester value .... 0—20 

Refractive index . . . 1*5000-1*5080 

Rovre-Bcrlrand Fils (Bullelin, April, 1910, 18) have examined 
the oil obtained from (a) the leaves, (b) the branches of patchouli 
grown in Sumatra, and give the following figures for them : — 

Leaf oil. ! Branch oil. 


0- 9689 0-9739 

— 52° 4' — 54° 8' 

1- 2 8-7 

6-7 1-3 

26-13 


Specific gravity . 

Optical rotation . 

Acid number 
Ester number 

Ester number after acetylation 
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Ronre-Bertrand Fils have also distilled the oil in France, from 
Java loaves, and found it to have characters differinp; from thoap 
the Java distilled oils usually have. They were as follows : — 

Specific gravity .... 0*9504 

Optical rotation . . . . — 28'' 8' 

Saponification value . . .0*3 

Saponification value after acetylation 40*4 

A sample of oil distilled from leaves from Perak has been 
examined at the ImixTial Institute and found to have a specific 
gravity 0*9595 ; optical rotation, — 43'' 51' ; and refractive 
index, 1*5003. 

Rovrc-Bcrfrand Fils {Bnllciin, October, 1908, 22) give the 
characters of Ja\a oils distilled from the Javan and Singa])oro 
varieties of leaves shown in the tible on ]). 541, and compare 
them with a French distillate of Singapore leaves. 

According to the Bidlctht of ihe Imperial In.^tltufe (\xii , No. 3, 
1924), Seychelles ])atch()uli oil resembk's tlu' Singapore oil in its 
con btantf-i^^ Four samples Avere (‘xamined, whi(*h had the following 


characters . — 






No. 1. 

No. 2. 

No. 3. 

j No. 4. 

« - , 
Sp. gr. at 15/15'^ . 

0-9500 

0-9484 

0-!)C9 

! 0-940 

Optical rotation uD 2 o° * 

— 47*50 

- 51*8 

* 

1 * 

Refractive index ?U) . 

1*5075 

1*5075 


1*502 

Acid value , 

2*0 

1*3 

t 

3*2 

Ester value . 

3*0 

Nil 

t 

5*3 

Solubility in 90 per cent. 

Not 

Not 

Soluble ! 

Soluble 

alcohol at 15^^. 

entirely 
soluble 
even in 
11 vols. 

com- 
pletely 
soluble 
even in 
12 vols. 

in 0*5 
vols. 

in 0*5 
vols. 


The following observations wwe made on the four oils : — 

No. 1. Somewhat cloudy, owing to the pr(‘senc(j of moisture. 
The clear filtered oil, which was greenish-brown, was rather more 
limpid. The oil had a good though not very intense? aroma, and 
was of fairly satisfactory colour. Its constants resembled those of 
imported Singapore oils, but the solubility and the spc(?ific gravity 
were rather low. 

No. 2. This consisted of clear greenish -yellow patchouli oil, 
> 

• ♦ Undeterminable owing to dark colour of ihe oiL 

t Not determined, 
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with the characteristic odour of that product. The results of 
lamination of the oil are given in the table above. The oil was 
superior in aroma and colour to sample No. 1, but otherwise it 
resembled the latter oil except as regards specific gravity, which 
is somewhat lower. In this respect it more nearly approached the 
patchouli oil which is obtained in Java. Patchouli oil of this 
quality would be readily saleaWe in the United Kingdom. 

No. 3 consisted of patchouli containing a small amount of dirt 
and moisture, which rendered it cloudy. The clear filtered oil was 
greenish-brown. The oil possessed a peculiar subsidiary odour in 
addition to the intense characteristic odour of patchouli. The 
results of the examination of the oil at the Imperi?! Institute are 
shown in the above table. The oil was unusually soluble in 
90 ])er cent, alcohol for a genuine patchouli oil, and its odour w^as 
quite distinct from that of the previous samples from Seychelles 
examined at the Imperial Institute. Importers and manu- 
facturers who were consulted regarded tlie sample as much 
inferior to the best (‘-ommercial grades of palchouj^i oil. The 
general view (‘xpress(‘(l was that, owing to its unusual odour and 
dark colour, tlu^ oil would be dilficult to disj)ose of in tliis country, 
and tliat in any ease it would have to b(^ offered at a price con- 
siderably lower than that of eoinmercial Singapore or Penang 
patchouli oils. 

No. 4. 'I'liis oil had been obtained by the distillation of dry 
leaves, and it was desired to asctu’tain its quality in comparison 
witli that of oil distilled from fresh leaves. The sample, which 
was (h^scribi'd as “ Essence dc Patchouli Penang, Eeuilles seehes,’’ 
consist ( hI of a elc'ar green oil, which had the characteristic odour 
of pat(‘houli, but was rather more limpid than the ordinary 
patchouli oil of commerce. The constants of this oil, as determined 
at the Imperial Institute, arc given in the above tabic. This oil, 
prepari'd fi'om dry heaves, was muedi less soluble in alcohol than 
the oil distilled from fresh leaves (No. 3), but was considerably 
paler and of better odour. It possessed to some extent the 
peculiar subsidiary odour noticed in sample No. 3, and this would 
render it of lower commercial value than Penang and Singapore 
oils. 

The oil contains a sesquiterpene alcohol, CisHggO, which is 
knowui as patchouli alcohol ; this body was originally termed 
patchouli camphor. It is a crystalline substance melting at 56°, 
and having a specific rotation — 118° in the <melted condition. 
There is also present a sesquiterpene which has been termed 
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' patchoulene. It has a specific gravity 0*933 at 15°; optical 
rotation, —36° 52' ; and boils at 255°. According to Sehimmd 
dh Co, {Report, April, 1904, 68) patchouli oil contains about 
97 per cent, of bodies of no value for odour purposes. They have 
detected the following substances in the oil ; benzaldehyde, 
eugcnol, cinnamic aldehyde, a terpene alcohol of rose odour, a 
ketone with a caraway odour, and a basic substance of stupefying 
odour (see also P, dr E, 0. R,, 1924, 285). 

PELEA MADAGASCARIGA, OIL OF.— The leaves and 
fruits of Peha Mndagtmarim yield from 4 to 5 per cent, of essential 
oil, having a powerful odour of aniseed. It contains anisic alde- 
hyde and anetliol, and has a specific gravity 0*953 ; optical 
rotation, |- 32' ; and refractive index, 1*5147. 

PE-MOU, OIL OF. — Gardies {La Parfnmerie Moderne, 
1923, 110) has examined the essential oil distilled from the wood of 
Fokienia Hodginsii, a Cliinese conifer whose wood is valued for 
making e^fms which resist decay, and joss sticks and similar 
substances for ceremonial burning. It has a very sweet odour, 
recalling cedarwood and terpineol. Its characters are as follows : 
specific gravity, 9*913 ; optical rotation, |- 13° ; refractive index, 
1*4937 ; esters, 8*1 per cent. ; and free alcohols, 41*4 per cent. 

PENNYROYAL OIL. — The ordinary pennyroyal oil of com- 
merce is derived from the leaves and other green parts of the plant 
Mentha piileginm. The American pennyroyal oil is distilled from 
an entirelv' diiTercnt plant, lledaoma pnlegioidei, E. M. Holmes 
{P, c£* E. O. R., 1911, 254) giv^cs the following account of the true 
})ennyroyal and allied sj)ecies ; — 

Two forms of the plant are met with in this country, the com- 
monest form having weak, prostrate stems, which root at the 
joints and form a dense green turf. This is named var. decimhens. 
The flowering stems arc sparingly produced, and often lie prostrate 
on the leafy cushions of tlie plant. The other form, known as 
var. erecAa, has stouter upright flowering stems, which bud off 
y lateral stolons or prostrate branches near the base. These root 
sparingly, forming new plants, which give rise to upright fJoweiing 
stems during the ensuing year. Tliis is much rarer as a wild 
plant, but is the best for cultivation, as it can be reaped and 
tied up into bundles more readily. The stems are usually 6 to 
9 inches long, but under favourable conditions, such as a moist 
soil and a, warm* climate like that of Devon and Cornwall, will 
grow to 15 or 18 inches. There are several other varieties of this 
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plant found on the Continent. One variety, eriantha, with hairy 
flowers, occurs at Biarritz, and a similar form has been found near 
Falmouth in this country. Another, in which the whole plant 
is hairy, is found in Sicily, and is named var. tomentosa ; and 
a third, covered with rather stiff hairs, named var. iomentdla, 
is found near Montpellier and in Hungary. A fourth, with small 
leaves, occurring in eastern Europe, is named var. thymifolia, and 
on the steppes of southern Russia a hairless form with smaller 
leav(*s and flowers lias been described as a variety, but as it is an 
annual jilant it has probably the right to specific rank, and should 
be enlh'fl 3lenfha 'inicrnniha. It has been called Pulcghim micran- 
fhvni. Of these varieties it is uncertain which ace used on the 
(Vintinent as sources of the oil, but the plant used in Spain, so far 
as ean ]>e judged, belongs to the variety crianiha. The Russian 
oil is stated to be derived from Mentha micrantha ; the European 
oil is distilled in the Spanish provinces Huelva and Cadiz, in the 
south of France, x\Ig(U’ia, and to a small extent in Tur)v(\v. The 
oil is of a yellow to rod -yellow colour, sometime^"- distiiudly 
fluon'seent. It has the following characters : — 


Specific gravity 
Ojifical rotation 
Refractive index 
Pul(‘gone 


0*h30-0-0r>2 
. f 15” (o -h 25'^ 
. 1-4 <S20-1 -4665 

I rom 80-04 ptu* cent . 


The principal constituent of th(‘ oil is the ketone jinlegonc, 
TtTj)cnes, menthol, and men! hone are also pn'sent. 

The Russian oil, altliougli distilled from a different })lant, has 
substantially the same characters. 

The American plant, IPAeoma pulegioides, is found from the 
Atlantic States to (he Rocky Mountains, and as its prej^aration 
requires only siiii})l(‘ ajqiaratus it is distilled at numerous small 
factories. The bulk the oil is said to be distilled in North 
C<u*o]ina, and particularly in the southern and eastern parts of 
Ohio, and in T('im(‘s«;ee. The American oil has characters very 
similar to those of the European oil, but the specific gravity 
usually lies between 0*925 and 0*940, and the ojitical rotation,* 
between -b IS"* and 35'^. Its principal constituent is pulcgone, 
but small quantities of tw^o other ketones are said to be present, 
one of which is jirobably menthone, and the other has been 
named liedeomol by its discoverer, Kremer. This body has the 
formula hoils at 170°, and yields an oxime melting at 

41° to 43°. 

Barrowclill (Jov7\ Chenu Soc., 1907, 91, 875) has examined the 
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oil, and found present a phenol, pinene, limoricne, dipentene, 
methylcyclohexanone, pulegone, mentlioiie, isomcnihono, si 
sesquiterpene alcohol, and esters of formic, acetic, octoic, dccylic 
and salicylic acids, and also of a dibasic acid, Cj^Hi 404 , together 
with small quantities of free acids. Ho does not find any ketone 
corresponding with Kremer’s hcdeomol. 

PENTINE CARBONATES.— See “ Hcptino Carbonates.’’ 

PEPPERMINT OIL. — ^Tliis oil is produced in many countries, 
the bulk of the world’s supplies being distilled in the United 
States and Japan. English oil, however, although produced on 
a comparativo'iy small scale, is the most highly appreciated, and 
commands a very high price. France, Italy, Russia, Germany 
and other couni ries also distil a certain amount of Hie oil. The 
oil distilk'd in the United States is obtained from the herb Mentha 
pi2)erita> in several of its varieties or forms, whilst the much 
inferior Japanese oil is distilled from Mentha arvensis. The 
Japanese alone is so rich in menthol that this body easily 
crystallises from the oil, and the world’s supply of menthol is 
obtained from this source. The residual oil even then still contains 
fronr 40 to 50 per cent, of menthol, or even more, and is sold as 
Japanese demon tholised pepix‘miint oil, which is the Japanese 
pe])pertniut oil of commerce. 

The conditions under wdiich the plants are grown have con- 
siderable influence on the character of the resulting pep[)crmint 
oil. Apart from this, the plants used are not identical in characters 
in the different localities. 

In discussing the English peppermint plant, it will be nec(\ssary 
'to deal at the same time with the French plants, as some con- 
fusion has been created in regard to the relationsliips of these 
peppermint varieties. The well-known botanists A. and E. G. 
Camus {Bulletin Ronre-Bertrand Fils, October, 1911, 3), as the 
result of a critical examination of the cultivated peppermints of 
France, came to the conclusion that Mentha inperiia was not to 
be represented as a separate species, but as a hybrid between 
Mentha viridis and Mentha aquatica. They also found that two 
well-defined varieties were cultivated in the south of France, 
which they named Mentha piperita officinalis var. pallescens, and 
Mentha piperita officinalis var. ruhescens. Of these they con- 
sidered the former as identical with the so-called white mint, and 
the latter as identical with the so-called black mint cultivated in 
. England. 
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E. M. Holmes (P, E, 0, i?., 1912, 10) has made a careful 
e«amination of this work, and points out that the varieties 
described by Camus do not correspond with the blanche and 
noire cultivated forms descril)cd by tlie well-known authorities 
Planchon and Collin, nor with the white and black cultivated 
peppermints of this country. The forms described by Planchon 
and Collin have, according to these eminent authorities, the 
following diagnostic characters : — 

Blanche. — Stem as well as the leaves green ; leaves scarcely 
toothed ; flowers nearly white. 

Noire. — Leaves longer, purplish, distinctly toothed ; fl owners 
dull red, not expanding freely. This form gives a larger yield of 
oil, but the odouj* is not so good as in the blanche form. 

The two forms characterised and illustrated by MM. Camus are 
described as follows : — 

(]) Mentha piperita var. officinalis Sole, form pallescens . — 
Stems green as well as the leaves ; calyx almost entirely glabrous, 
the calyx teeth furnished with hairs, wliicii are mojVo^iumenms 
near the apex. Inflorescence foriuing spikes more or less inter- 
rupted at the base, longer u2)on the tiTininal branches. 

(2) Mentha, piperita var. offiicinalis Sole, fojin rubesvens.— 
Stems tinted more or less with purple a*k well as the leaves ; calyx 
glabrous at the l)ast\ glabrescent fit the summit, the teeth furnished 
with usually rather more numerous hairs than in the form 
pallescens. liiilorescenec of the lateral branches usually capitate. 

These latter forms arc evidently much more nearly allied in 
the form of the inflorescence to J\I. viridis. ’’iiiis is so mucli the 
case that, if Mentha piperita is, as French botanists maintain, a 
hybrid b(‘tween Mentha aquatica and Mentha viridis, then these 
French varitiac's evidently have more of the M. viridis parentage 
in their com]^osition than the English forms vnigaris and officinalis, 
which exhibit mucli more of the M. aquatica in tlicir constitution, 
since in the Englisli species the iirominent character of the 
inflorescence is that it is oblong and obtuse, i.c., of the capitate 
character rather than of the tapering, s})ike-like character of 
M. viridis, so characteristic of the two French varieties. 

It may be noted in passing that in those tw'o French varieties 
the anthers are represented as included in the tube of the corolla, 
whilst in both the aSxSumed parents, 31. aquatica and 31. viridis, 
of wdiich illustrations are^ given by MM. Camus, the anthers are 
represented as exserted. In any case, it can haVdly be expected 
that the French forms pallescens and rubescens, with more of the 
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parentage of M, viridis^ are likely to yield an essential oil identical 
with that obtained from the English forms, in which the ])arentage 
of Ilentha aquatica seems to prejxmderate. 

As MM. Camus remark, “ The climate has 2)robably less influence 
on the charaet(U’ of the oil than the choice of varieties and the 
mode of cultivation." 

M. Briquet, an authority on the g(‘nu.s Mentha, quoted by 
MM. Camus, recognises the following forms of Mentha piperita as 
occurring in France, most of which have an elongated inlloreseence, 
passing in nearly all the varieties into a capitate inflorescence on 
the secondary axes : — 

^ (1) Var. o£icmaUfi. With narrowly lanceolate or (‘lliptic 

lanceolate leaves. 

(2) Var. durandoana. Lt^aves oblong-el I i])tie, oi‘ sometimes 
ovate-oblong. Teeth of the leaves irregular, 3 to 5 mm. distant, 
directed forwards, acute, mueronate, and crenate. t^alyx dis- 
tinctly tubular, resembling that of Jli. aquatica, 

(3) Vav inari)nemis. Teeth of the leaves less pronounced. 
Calyx smaller, resembling that of M, viridis, Infloreseetiee spiked 
on the principal axes. 

(4) Var, glohosiceps. Inflorescence ca 2 )itate on all the axes. 

In all +liese varieties the plants are nearer to M . viridi^ than 
to M , aquatica, exeej)t in M. globosiceps, and in this vaiiet.y the 
heads are ajqiarently globose, and have not the oblong, obtuse 
character of the Eiiglisli pep}>ermints. In no lospeets, therefore, 
can the French varieties of Mentha piperita be eonsidert‘d identical 
with those cultivated in (beat Britain. 

There is no doubt, whatever be the o])inious of botanists as 
to whctlier or no the ])laut is (‘iititled to s])(‘eitic rank, that the 
cultivated pepx)ermint of this eountry is Mentha piperita var. 
ojjicinalis in two forms, the white and the black, which are not 
identical with the forms deseril)ed by C^amus for the French 
mints, nor with the blayiche and noire forms of Planehon and 
Collin. (Sec also Conference Bulletin No. 2, University of Wis- 
consin, 1922, for the nomenclature of })eppermint tyfK's.) 

The area under cultivation in England is comparatively small, 
and is confined to a few districts. The 2 )ep 2 )ermint knowai as 
‘‘ Mitcham ” indicates plants grown in Surrej^ aiouud Mitcham, 
Reigate, Wallington, Carshalton, Ewell, Dorking, Leatherhead, 
etc. In addition, English peppermint is grown in Kent, Suffolk, 
Hertfordshire, CJambridgeshire and Lincolnshire. 

The jilants are propagated by means of roots, and not by seeds. 
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After the land has been ploughed and manured during the winter, 
tlje plants are set in May. The best yield is obtained in the 
second year, and after about iive years the land is not again 
oultivatc'd for pepj)ermint for several years. Only one crop is 
gathered annually, commencing at the end of August or early in 
September. 

In many distilleries old-fashioned stills, heated by direct fire, 
arc in use. These stills take charges up to a ton or even more of 
herb, and the dLstillation lasts from five to six hours, the greater 
part of the oil coming over in the first two hours. There are, 
however, to-day a number of modern steam stills designed on the 
latest scientific principles, which obviate the possibility of burning 
the herb and so imparting a disagreeable flavour to the oil. 
The yield of oil ])er acre varies considerably, according to the 
character of the plants used, the amount of sunlight they receive, 
the manuring and cultivation, and various other conditions. 
Generally, it may be said to fall between 10 and 20 lb. jjor acre. 

The black mint is cultivated more than tin* white n-u;it, as it 
usually yi(‘lds a larger j)ercentage of oil. The following figures 
may be taken to r('])resent the analytical characters of genuine 
Eiigli^^b i)cpxKTmint oils : — 


Sp( (‘ifi(‘ gravity 
Optical rotation 
Tvcfracti\c indc'X . 

E4(Ts as m('ntli;yl acetate 
Total rncntliol 
Mcutlionc 


0-900-0d)12 
to — 33" 
1*4(>00 b4G40 

3-21 percent. 
50-08 


These figures must not be taken as absolutely conclusive, as oils 
will be found occasionally wdiich vary a little outside these limits. 

Apart from menthol and nuaitbone, English peppermint oil 
contains a mixture of ter])enes, a sesciuiterpene, and acetic and 
isovalcrianie acid in the form of esters. 

American Peppermint Oil. — The exact differences between 
the lilnglisli and the American pej)permint plants arc still a matter 
of don])t, but at all events the latter are nearer in their botanical 
relationships to the English forms than the Erench plants are. 
Acconling to Ilciikc] {U.S. J>ppi. of Agncvlture, Burma of Plaaf 
Industry, Bulletin No. 90, Part III., 1905), there are three kinds 
of peppermint cultivated in the United States, Mentha pirpeita, 
and two varieties, vulgaris and officinalis. The plants grow' freely 
in many of the eastern States, from the New’ England States to 
Minnesota, and south to Florida and Tennessee. The black mint 
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{var. vulgaris) is the hardiest of the three mints, and gives a better 
yield of essential oil than the other two. It is tliereforo culti- 
vated on nearly all the peppermint farms. The oil from the wliite 
mint is of very fine odour, but as the jjlant is rather sensitive and 
the oil yield low, it is not much cultivated to-day. Various forms 
of stills are used for the distillation of the oil, many of them being 
huge wooden vats capable of taking a charge up to 3,000 lb. of the 
herb. 

Up till recently many of the complaints of disagreeable taste 
and odour which were made in regard to some American pepper- 
mint oils were due to the fact that there existed considerable 


carelessness in^the gathering of the mint, so that other plants were 
present and were not sorted out before ilistillation. The particular 
offenders in this respect were Erigaroti canadensis, ErGchihites 
micracifolia, IJedeonia jyulegioidcs, and various Ambrosia species. 

The original home of the distillation of the oil was in Wayne 
county, in the north-western part of the State of New York. 
Thence it^pread, and in 1835 the cultivation of peppermint was 
introduced into Michigan, first into St. Joseph county. To-day 
Michigan is the principal oil-producing State. The most exhaus- 
tive examination of the constituents of American peppermint oil 
is that of Power and Klc4)cr (Pharin. Bitndsch. New York, 1834, 
12 , 157). The oil was found to contain the following substances, 
most of which were isolated by the chemists mentioned : — 

Ac(‘tic aldcihyde. Isovalerianic aldehyde. 

Acetic acid. Isovalerianic acid, 

a -Pi none. Ph< 11 andrene . 

Cineol. Z-Limonene. 

Menthone. Menthol. 

Menthyl acetate. M(‘nthyl isovalerianate. 

Cadjnene. Amyl alcohol. 

Dimethyl sulpliide. 


In addition to these well-characterised substances there are 
also present the menthyl ester of an acid of the formula CgMjLgOg?, 
and a lactone of the formula 0^)111^02 melting at 23". 

American peppermint oil has the following characters : — 


Specific gravity . . , 0-8t)0— 0dU5 

Optical rotation . . . — 20"^ to — 35" 

Refractive index . . . 1 •4()00-'l*4035 

Total menthol . . . 48-03 per cent. 

Menthol as esters . . . 5-9 ,, 

JVJpnthoiIe .... 9-1 G ,, 

Occasionally a sample will be found of undoubted purity which 
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has characters outside these limits. For example, the menthone 
h^s been known to rise to as high a figure as 25 per cent* 

Most genuine samples of American peppermint oil are soluble 
in 3 to 5 volumes of 70 per cent, alcohol, but sometimes with 
opalescence. 

The flavour value of American oil is much superior to that of 
Japanese oiJ, but does not, of course, compare with that of English 
peppermint oil. 

The following interesting details in regard to American pepper- 
mini oil are due to A, M. Todd {P. <t E. O. i?., 1914, 252). 

More than 100 years ago the cultivation of peppermint was 
begun in Wayne county, New York State, and was confined to 
that region for the next twenty-five years, until it was introduced 
into Michigan. After another quarter of a century the })ro- 
duction in the latter State equalled the output of Wayne county. 
Up to about thirty years ago growlers of pepiiermint believed that 
the lierb would only thrive on the uj)lands, but when experiments 
were made in Kalamazoo county in the south of Michigan, and 
just tc> the north of the Indiana boundary, it w^as found that the 
rich black soil form(‘d by the decay of aipiatic plants, which at 
some remote epoch g!*(w\ in lakes that arc now dry land, gave 
marv(*llous results. The State of Michigan is rich in possessing 
several areas of such hudile land, hence the suee<'ss that has 
followed mint culture in that region during th(' last thirty years, 
and the growing inability of Wayne county to compete with it. 
One would not call the south of Michigan picturt‘sque, but broad 
expanses of dead-flat land, verdant with thc' evidence of a j)ros- 
periiig industry, liave a charm all their own, and are more restful 
to the senses than the majestic but sterile mountain jieak. 

Farmers in that part of the coiuitry often drive their ploughs 
for nine miles without turning. The land is })loughed into fur- 
row\s 3 feet apart, and into them are })lnnted in a continuous row 
“ runners " })ruj)agated from the previous year’s planting, 1 to 
3 feet in length, and about a quarter of an inch thick. Under 
favourable conditions a shoot will grow up every few inches, and 
as soon as tlie row^s arc discernible above ground, hoeing and 
weeding are maintained until the ])lant is in bloom, wdiich Imppens 
during August and September. At this period, wdien the plants 
contain their maximum of essential oil, they are mown down and 
dried as far as may be w itliout their becoming so brittle that the 
leaves are lost in handling. The partially dried hepb is then 
loaded into a train of w aggons and transported by a traction 
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engine to the distillery. A charge of two tons is hoisted by a crane 
into each of a scries of wooden vats, closed down by a steam-tight 
cover, steam is blown in at the bottom of each, and the mixture of 
essence and steam condensed in the usual manner, the floating oil 
being draw^n off, dried, bulked, and filled into storage tanks. 

The yield of oil d(‘])cnding upon weather conditions and soil, 
varies greatly from year to year. In some rare cases, where the 
growth is abnormally stalky, witli scanty leaf and bloom, as little 
as 1 lb. from l,OdO lb. may })e the product. On the other hand, 
under rare and extremely favourable conditions as much as 10 lb. 
]>er J ,000 lb. has })een obtained, but, calcidatiiig on an avtTage of 
teji \ears, Mr. Todd is content with a yield of ,*1 to 4 lb. per 
1,000 11). of partially dried herb. Years ago, wiien methods of 
distillation A\ere ciude and empirical, many small growers drew 
the oil from the j)roduce of th(‘ir own little holdings ; but with 
the march of ])iogr(‘ss the industry is rapidly getting into the 
hands of a few larg(' houses who have capital to ex])end on greater 
and iiii])v.#vcd distilleric^s and cosily expejimeiits. The result, of 
course, is a Jiiore uniform, more copious, and an altogether better 
j)r(3duetion of (‘Sscuce. 

Japanese Peppermint Oil. — ^tfapaneso peppermint oil is in no 
sense a competitor w ith till* English or American oils. It is derived 
frt>m a ditfoix'nt plant, has a hitter taste, and is only suitable for 
lower-grade work where delicate flavouring is not required. 

Th('re is a considerable difTerence of oj)inion as to the exact 
botani(*al relationships of flu' tJapanese plant. The following 
details aie given by tlie Pi.rJmncnj avcl Kss(.n(}(d Oil Record (1911, 
7), and deal with both ,Ia})anes(‘ and Chinese p(‘j)permint : — 

I'lie Ja])aiiese popj>ermint, which is l)elieved to have been 
cultivated for 2.000 years, is derived from a robust form of 
Mchlha (fvreih^i’S, In this speeu*s the llowers are arranged in a 
single ring in tlie axils of the up])cr leaves, wdjich do not become 
smaller towards the top of the stem as in Mentha Mtiiva. As 
illustrating tJie remarkable chemical difTerence that may occur 
in the same species of mint growing under differont ('onditions, it 
may be pointed out that the form of M. arcemsw growing in 
CVylon has the odour of .spearmint, and the form growing in 
Britain has quite a different odour, resembling that of horsemint ; 
yet there are no botanical characters to se]>arate thes(‘ plants 
as s})ecies, except the more tapering teeth of the calyx in the 
Japanese ,plant, a feature which is common in Asiatic specimens of 
M. arvensis. 
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u ' The variety cultivated in Japan has been named Pipera$cen$^ 
ai\d that cultivated in China, which has rather narrower and 
, nearly glabrous or hairless leaves, has been named Glabrata. The 
. plants of this species are not, like true pepi>crmint, lovers of wet 
soil, but grow’' as weeds in sandy or light soil in open fields. The 
plant was experimented wdlh in this country by Mr. John Moss 
in 1888 {Phann. Jour,, 3, xix., p. 258), but in the conditions under 
which he cultivated it the plants grew 3 feet high, and were distilled 
before they were fully in blossom, and tlie yield of oil was only 
^ per cent., some wdiat less than half the yield obtained at Mitcham. 

It had a specific gravity of 0-9117 at 62® F. As compared wdth oil 
distilled from imported dried plants from Japan, the oil of the 
English-grown plants had a more powerful and penetrating, but 
softer odour. The oil did not deposit crystals of menthol, even 
, when the bottle was placed in ice. J udging from the hoiglit of the 
plant, it aj)pears to have been grown under conditions of moisture 
and shade quite foreign to the natural conditions of the species, 
which might account for the deficiency of menthol. Further 
experimental cultivation under more natural conditions is 
therefore dtisirablo. 

The f]a])ancso peppermint is planted at the end of November 
and the i)eginning of December, and ^fields in the district of 
Kobe, in Bizen, Bitchu, and Bingo, three crops in the year, the 
first in July, the second in August and early in Sei)tember, and 
the third at the end of September and the beginning of October. 

In Uzeii, in the north-east, there are only two cuttings, which take 
place in August and September, and in Hokkaido only one, ^ 
viz., in October and early November. The third crop yields most 
oil. 

Briquet, the Swiss botanivst, considers that the parent plant 
of Japanese peppermint is Mentha mnadensis var. pipcrasccns, 
which he regards as identical with the species E. M. Holmes 
describes as Mentha arvensis var. piperascens. This, however, is 
unlilvcly. - Naojiro Irouge {SchimmeVs Report, November, 1908, 
199) has probably dealt with the question of Japanese peppermint 
oil more comprehensively than any other chemist. He considers 
that the present plant, of which four varieties are cultivated, is 
tlie product of numerous cultural improvements. He j^oints out 
that Nagasaki (Special Repoi't on the Agricultural Experiment 
Station, No. 4 : ‘‘ The Cultivation of Peppermint in Yamagata 
Prefecture/' 1901) evidently accepts Holmes' identification, 
stating that Japanese peppermint is regarded as Mentha arvensis 
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var. piperascens Holmes. Nagasaki describes the four cultural 
varieties as follows : — , 

(1) Alcamarii (from aha, meaning red, and 7naru, round). — ^The 
leaves are roundj the stem reddish-violet in colour, the flowers 
are faintly violet in colour. The content of the oil and menthol 
is much larger than in any of the other varieties. 

(2) Aomaru (from ao, meaning green, and maru ). — The leaves 
are round, the stem is blue, and the flowers faintly vi()l(5t. 

(3) Akayanagi (from aka and yanagi, willow). — The willow- 
like leaf is faintly violet on the lower surface, the stem is blue, 
the flower white. The percentage of oil is low. 

(4) Aoyamvgi. — ^I'he leaves are willow -lilvo, the stem is blue, 
the flower white. It resembles the wild plant. 

Of these four varieties, the first, or Akamaru, is regarded as 
the best, and is therefore most highly prized by cultivator, 
manufacturer, and merchant. However, it is impossible to plant 
only this variety at present (evidently because a sufficient number 
of plants* cannot be obtained). 

Japanese pci)j)ermint, when once planted, may be kept for 
harvesting for live to seven years, but it deteriorates in (piality, 
and it is preferable to cut for three years only and then put in 
new j)Iants, allowing a rotation of crops with, by preference, a 
leguminous plant. Propagation is effected by the cutting of 
runners, and not by seeds. 

The oil is distilled in apparatus of a fairly primitive nature, 
and the essential oil, which contains the whole of the menthol, is 
known locally as torlamsld by the tJapancse. This oil is transferred 
to cans, which arc placed in a freezing mixture, and a large 
portion of the menthol is thus crystallised oil. This, of course, is 
only practicable since Japanese peppermint oil contains far more 
menthol than any other peppermint oil. The separated menthol 
is exported as such, and the oil which drains off from the crystals 
forms the dementholised Japanese peppermint oil of commerce, 
which is the only oil which is sold on a commercial scale. 

At ordinary temperatures natural Japanese pepijcrmint oil is 
a crystalline mass saturated with oil. Such natural oil has the 
following characters : — 


Specific gravity 
Congealing point 
Optical rotation 
Total menthol 
Menth 5 d acetate 


0-900~0*910 at 15® 
17 '^-2 8 ° 

-28® to - 38® 
70-90 per cent. 
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The so-called dcmentholised oil has the following characters 


Specific gravity 
Optical rotation 
Refractive index 
Mcnthyl acetate 
Total menthol 


0- 805-0* 905 
--26^ to-~-35^ 
1*4590-1*4030 

5-17 per cent. 
40-54 


The following un[)ul)liv]icd eominiinieation is due to Mr. M. 
Salamon (December 31st, 1924) : — 

“ Some rc'Oent deliveries of (lem(*ntlK>lised trapanesi* pep])ermint 
oil have been somewhat abnormal iii odour, and on being subjected 
to fractional distillation have yielded a higher ])ereentage than 
usual of low boiling fractions, and a lower per(*entage of the 
fraction distilling between 210'' to 220'. 

“ This type of oil is (‘liaracterised by having a comparatively 
low sp(^cifie gravity, optical rotation, and refra(‘tive index, and 
the latter, in some of the samples examined, increased slightly 
after wasliing with warm water. 

It may he that tlies(^ oiK are adulterated wilh some foreign 
oil, hut it aj)pears more ])rohable that tlu‘> are dementholised 
peppermint oils that have been chenueally treated in ord(‘r to 
increase the yield of erystallisable nu'nthoK and that in tJie 
process secondary reaction bodies hav( been ibrnuHl wliich give 
rise to the ])eeuliar odour that has Insai noti(‘ed. 

It is well known that some of the high molecular weight 
alcohols similar to menthol i)reak down under etTtain treatment 
into alcohols (^f lower m(fie(‘ular weight, such as metiiylejTlo- 
hexanal, and a ketone, such as acetone, and the odour and ce rtain 
of the chemical reactions of tliese oils sugg(‘st tlie juvsence of 
these bodies. 

“ The characters and fractionation of a sam])le of tlii^ type of 
oil w’cre as follows : — 


Specific gravity at 15*5’ . . 0*897 

0})tical rotation . . . 24*5'’ 

Refractive index at 25"" . . 1*4597 


Refractive index at 25 , after 


washing .... 

Acetylisable contents (calculated 
as menthol) 

Esters (calculated as menthyl 
acetate) .... 

Solubility in 70 per cent, alcohol 


1*4003 

52*5 per cent. 


6*75 


7} 


1 in 4 volumes. 


“ On fractionation this oil yielded 12 per cent, distilling up to 
200'', 'and only 20 per eent. distilling hetwwn 21 0*^ to 220®. 
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A normal dementholised oil does not usually yield more than 
about 6 per cent, distilling up to 200'^, and yields at least 40 p^r 
cent, that distils between 210° to 220°.’' 

We may now pass on to a short consideration of French, Italian, 
German, and Russian peppermint oils, which are to some extent 
commercial articles in tliis country. 

French Peppermint Oil. — In France peppermint is culti- 
vated in the department AIpes-Maritimes, in the vicinity of 
Grasse, Cannes, Venee, Gagnes, and Villenouve-Loubet ; in the 
department Basses-Alpcs, near Entrevaux, Barreme, and Castel- 
lana ; in Var, near Fayence ; in Haute -Garonne, near Kovel ; 
and in Vaiicluwc. The ([uestion of the plants cultivated in France 
has been dealt with in describing the English peppermint plant* 
The so-called Menilm hasiliquee is a degenerated peppermint 
plant whicli has been attacked by an animal parasite, the 
Eryophyes Mentha:. The oil ykdded by such plants is of a very 
inferior (juality. French peppermint oil lias the following 
cliaractersw — 

S])ecific gravity . . ()'9i0-*()*027 

()])ti cal rotation . . . —5" —35° 

Refractive index . . . I •4(>20-d *4715 

I’otal menthol • . . 4-20 per cent 

(V)nibined nn'iitliol. . . 45-70 

Many French oils are not completely soluble in 3 to 4 volumes of 
70 per cent, alcohol. 

Tlie oil from tlie diseased plants al)ove referred to frecjuently 
has a doxti-orotation up to -}- 7°, and the total menthol frequently 
falls to 40 per cent. 

Roiirc-Berlrand Fils (Balletin, April, 1909, 33) have drawn 
attention to tlie fact that oil of jieppermint distilled at Grasse 
does not crystallise even when cooled to — 17° C. and sown with 
crystals of menthol. In an exhaustive examination of the oil 
they established the presence of the following compounds : 
valerianic aldehyde, iso-amyl-alcohol, /-pinene, jo-mcnthenc, cineol, 
ZoRt’o-menthol melting at 42°, and dextro-menihone. 

Dr. Ripert, the Director of the Franco-Mitcham Co-operative 
Agricultural Society, gives the following analyses {Pamphlet 
No. 17) of oils distilled from black mint plants originating from 
Mitcham and cultivated in various parts of France. 

^ Italian Peppermint Oil. — ^Much of the peppermint culti- 
vated in Italy is of indefinite origin, but plants derived from 
English stock arc also being cultivated at Pancalii ri in Piedmont. 
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The Italian oil has a flavour and an odour which depend on the 
source of the plants distilled. The characters are as follows : — 


SpcH-ilic gravity 
Optical rotation 
Refractive index . 
Total menthol 
Combined menthol. 


O'bOO-0-925 

-*-5° to ---27^" 

. 1 •4020-1 -4 (>S0 

45-65 per cent. 
3-10 


The oil is usually soluble in 3 to 7 volumes of 70 per cent, 
alcohol. 

German Peppermint Oil. — small amount of peppermint 
oil of oxcelkmt odour is produced in »Saxony, the price being 
very high anjl the oil greatly esteemed. It has the following 
characters : — 


8})eciric gravity 
Oi)tical rotation 
R( tractive index 
A(*id value 
C V»m bi ned m e n thol 
^R)tal menthol 
Menthone 


0-900-0-915 
- 23*^10 - 37 '^ 
1*4580-1 -4690 
0-1-3 

2*8-20-8 per cent. 
48-81 
12-23 


Thoms (Apolh. Ze.it. ^ 28, 672) has published a note on the pro- 
duction of menthol in Geynany and its (late) south-west African 
colonics. He describes the essential oils distilled from plants of 
Japanese origin, obtained at Dahlem (first and second cutting), 
at the colonial college at Witzonbausen, and at Okahandja 
(Africa). The results of the analyses of the chief of these oils are 
summarised in the following table : — 



Dahleui. 
(First ciiiting.) 

WitzcnliausPii. 

Dknhaaflja. 

(Leaves.) 

8p(‘cirif gravity 

0-8987 at 1 S'" 

0*9012 at 15*5° 

0-90 12 at 20" 

Solidifying point 

-f- 13-5" 

+ 14-5'^ 

-b 20-75" 

Optical rutatioii at 




20^ 

--35-55^ 

— 35*29" 

• - 35-29" 

Acid value 

2-66 

3*32 

1 -56 

Ester value 

12*96 

1515 

8-29 

Ester value after 




acetylation . 

283*82 

291-61 

306-56 

Combined meiitliol . 

3-78 per cent. 

6*99 per cent. 

2-31 per eeat. 

Free menthol . 

75-20 

74-16 

83-01 

Total menthol . 

78*98 

81-15 

85-32 


Russian Peppermint Oil. — ^A small quantity of Russian 

r.—voi.. II. 561 3*i 
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peppermint oil is produced annually, but not sufficient to influence 
the peppermint oil market. The description of Russian pepper- 
mint oil here given applies equally to the oil produced in those 
independent territories which were until a few years ago a portion 
of Russia itself. The mint used for distillation appc^ars to be a 
variety of Mmilia piperita, similar to, if not identical with, tliat 
cultivated in England (black mint). From FO to 1*7 per cent, of 
oil is c)biained from the plants. The oil has the following 
characters : — 


Specific gravity 
Optical rotation 
Refractive indc'X 
Coinbhu'd menthol 
Total menthol 


0'900~0-920 
- 17°to-28® 
1*4584-1 -4707 

3-21 ])er cent. 
40-00 „ 


Maisit (Arch, du Pharm., 1911, 249, 637) has published an 
interesting account of the Russian peppermint industry, to w hich 
reference should be made for further information. 

Nakao and Shibuyo (YakugahizafisM, September, M)23 ; and 
Chemist and Druggist, December, 1923, 898) have made an 
inteixNsting observation in regard to Manelmrian pop])orniint oil. 
They fjiid that the menthol cont(int of ]U‘j)])ermint oil distilled 
from mint gi’owm in IVlanchuria deerca?>ed year by year, and after 
a few y(‘ais the oil no longer yields any crystals of menthol. For 
this reason the cultivation of peppermint in Manchuria, which 
at one time appeared so promising, has now^ been considerably 
curtailed. An examination of a specimen of degenerated oil 
showed it to possess the following constants : specific gravity 
at 15"^, 0*910; acid number, 0*535; CvSter value, 139*06; ester 
value after acetylation, 235*48 ; optical rotation, — 54*59'^, The 
authors assumed that the menthol contained in tlie oil is present 
in the form of esters, and on saponifying the oil they succeeded in 
obtaining almost the theoretical amounts of menthol and of acetic 
acid, and a small amount of valerianic acid. In addition, they were 
able to demonstrate the presence of mentlmne and limonene. 

For other peppermint oils, which are of little or no commercial 
importance, references as follows may be made : — 

Dalmatian Oil : ScMmineVs BericM, 1911, October, 69. 
Hungarian Oil : Irk, KisMetiigyi Kbzlemenijik, 1910, 13, 3 ; 
and E. J. Parry, Tho Chemistry of Essential Oils,” 4th ed., 
vol. i., p. 234. 

Bohemian Oil : SchimmeVs Bericht, 1896, April, 47 
JaI^an Oil : Roure-Bcrlrand Fils, Bulletin, 1910, 3 ; 1, 59. 
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BumsH East Afeican Oil : P. E. 0, P., 1915, 4. 

Chinese Oil: Daily Cons, and Trade Report (AV.i^-hin^fonJ, 
1914,17; 56, 900. 

West Australian Oil : E. J. Parry, P. d E. O. R., 1921, 188. 

PERFUME IN THE PLANT.- The genesis and fiinctioius 
of perfumes in plants are subjects of intense interest, and upon 
them mucli speculation has been sj)ent. And although this 
branch of physiological botany is still but little undcTstood, its 
relations vvilh the clieinistry of the perfume material, and conse- 
quently with the commercial a.spcet of the manufaeture of raw 
materials for perfumery, an' steadily Ix'ing deveIoj)ed. 

Whilst it nmy be true that the essential oils wliieli const iluie 
the perfume material of plants are, so to si)eak, by-products of 
the mc'tabolic processes of cell life, and as sueh to be classed with 
alkaloids, tannins, and colouring matteis, it is impossible to over- 
look the enonnous imj)ortanee of the perfume in the ])laiit eco- 
nomy in attracting insects for the t>urpose of fcTtilising the ilo\ATr. 
It is, of ewirse, true that some flowers are odourless whilst the 
green leaves are highly odorous — as in the geranium ; ami also 
that the (‘ssential oil is frequently to be found in almost all j)aits 
of the ])Iant, including the root. But in the former case tJjc insect 
will be attj’actcd by the 'perfume of the leaf, and so brought 
within range of the coloured flower whkii ho will then visit ; 
and in the lait(T case, it may frequently be that the oil is being 
manufaetur(‘d by steps in the plant, and its ])resenc(' in ])arts of 
the plant lemote from the flower merely indkaites (me of th(‘ steps 
of its evolution, sinec tlie oils from different parts of the same ])lant 
are usually diffc'nmt in character. 

Whetlu'i' or not this is the principal ])hysiological funeiion of 
the perfume in tlu* plant can scarcely b(‘ said to he iviiown, but 
there are many remarkable correlations between flowxT pc'rfume 
and animal life. One of these is tlie development of the perfume 
simultaneously wdth the time of flying of certain insexts. The 
flowers of certain species of honeysuckle, those of certain pc'tunias, 
and those of IJahcnarla hifoJia, and many other plants are visited 
to a considerable extent by crepuscular lepidoplera. These 
plants smell faintly or not at all during the daytime. But after 
sunset, from about six to seven in the evening until midnight, 
they give off an abundant odour. The flowers of Ucspirls iristis, 
and numbers of the caryophyll.iceous plants, wdiieh are \'isitcd 
by small n^icturnal moths, give off no perfume during th^ day, 
but exhale a powerful hyacinth-like odour at night. The same is 
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true of many other flowers. It is equally true that many flowers 
\^ich arc rcgulaily visited diu*ing the daytime by bees and 
butterflies are odorous during the day, but nearly odourless at 
night. The yellow flowers of Spartinm scopariu7n only give off 
their exquisite ca&sie-like perfume when the sun is high and the 
insects named are flying about. In the evening the perfume 
praetieally disappears. The flowers of Trijoliim resupmafum 
have a powerful honey odour in the sunshine when the bees are 
about, but become odourless, or nearly so, at twilight, by which 
time the bees are back in their hives. Tyndall suggested that the 
essential oils, especially when the secretion takes jflaee near the 
suifaeo of an organ, may have a function in the regulation of the 
rate of transpiration. Solutions of essential oils in water, or 
emulsions of the two bodies, not only have heat conductivities 
different from that of w^ater itself, but also considerably affect the 
osmotic })ressure, so tliat circulation and trans])iration may be 
affected considerably by the essential oils. Jt has also been 
suggested that the high rate of consumption of ess(‘ntity oil during 
the fecundation period ])oints to easy assimilation and a high 
nutritive value of its constituents. 

Tlie actual mechanism by which the essential oil is built u]) or 
syn^liesised in the plant is practically*unknown. It ivS, however, 
notf'worlhy that, with very few exceptions, all the perfume bodies 
which are in tlie plant built up at a low' temperatiu'c require 
elevated temperatures for their artiticial production, where this 
is j)ossible, in tlie laboratory, Wliat the vital principles arc that 
render this “ cold ” synthesis possible are quite unknowm. A 
view w'hich has quite recently been put forward by Fraiicesconi, 
Manfredi, and Astengo, in a paper read before* the First Italian 
Congress on Pure and Applied Chemistry, held in Pome in 1923, 
is that isovalcrianic aldeliyde, CH(CH, 5 ) 2 .CH 2 .CHO, is the funda- 
mental substance from wfliich the plant derives its terpene and 
sesquiterpene compounds. This aldehyde was found in the 
essential oils of lemon, orange, bergamot, and tangerine. It was 
suggested that the origin of this body is isoamyl alcohol, formed 
by the fermentation of albuminoids or carbohydrates, or both. 

Such a view would involve the assumption that the very 
complex bodies, the carbohydrates and albuminoids, were first 
built up, then broken down to a still fairly complex aldehyde, 
from which the essential oil is then built up. 

It is, of course, an established fact that tlie green parts of 
plants, w'hich contain chlorophyll, the leaves particularly, absorb 
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carbon dioxide from the air in the presence of sunlight and 
evolve oxygen in equimolecular proportions. So long ago as 1870 
Bayer (Berichte, 1870, 3, 67) suggested that formaldehyde was the 
primary product of the carbon dioxide assimilation, and that 
carbon dioxide and water each lost an atom of oxygen, and the 
residues = CO and Hg combined to form CH 2 O, formaldehyde. 

Simpson (P. db E. 0, P., 1923, 113) summarises a good deal of 
recent work which has been done in this direction : — 

Processes resembling the reactions which may occur in plants 
have been carried out quite recently by Baly and Heilbron (Jour. 
Cheni. Soc., 1921, 119, 1025 ; 1922, 121, 1078), who have obtained 
formaldehyde^from carbon dioxide by the action of light of definite 
wavelengths. Carbon dioxide absorbs ultra-violet light of wave- 
length 200 p-p, and formaldehyde that of wavelength 290 /x/x. 
BaJy and Heilbron showed that, if carbon dioxide is bubbled 
through a saturated aqueous solution of carbon dioxide exposed 
to ultra-violet light of the shorter wavelength, but protected, by 
tlie addition of an inert substance, from light of the longer wave- 
length, then formaldehyde is produced and accumulates. Such 
inert protective substances are paraldcdjyde, sodium plienoxide, 
and the inorganic salts, ferric chloride and uranium nitrate, which 
Moore and Webster (Proc. Roy. Boc., 1914, B, 87, 103, 556) bad 
supposed to act as chemical catalysts for the conversion of carbon 
dioxide into formaldehyde under t he influence of ulti'a-violet light. 
WJwMi, however, the aqueous solution of carbon dioxide was not 
so protected, or when a solution of formaldehydo was exposed to 
ultra-violet light of wavelength 290 /x/x, the formaldehyde was 
polymerised and reducing sugars were obtained. 

The fact that Moore and Webster (lac. cit.) found that chloro- 
phyll, carboliydrates, and other substances of biochemical origin 
yielded formaId<‘hydc on exposure to ultra-violet light does jiot, 
as they supposed, disprove the formation of formaldehyde as an 
intermediate between carbon dioxide and carbohydrates, for 
when acetone is photochemically decomposed, not formaldehydo, 
but carbon dioxide, is formed. Hence Baly and HoiIl)ron assume 
that the formaldehyde i^roducecl by the decomposition of carbo- 
hydrates must be the result of an equilibrium reaction, such as 

^carbohydrate > carbon dioxide < formaldehyde. < 

Moreover, when an aqueous solution of acetone is exposed to the 
ultra-violet light ^f a quartz lamp, reducing sugars are produced, 
and these •must have been synthesised from the carbon ^lioxide 
vid formaldehyde. 
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So far, however, the conditions which hold in the leaf of the 
plant have boon disregarded, for in ordinary daylight there is very 
little light of Avavclongth as short as 200 /x/x. Further, plants 
grow perfectly normally in light transmitted through glass v-hich 
corapleteh^ absorbs liglit of wavelengths less than 350 /t/a, although 
outside the plant no formaldehyde is formed from carbon dioxide 
and water under the influence of light with greater wavelengths 
than 350 /x/x. 

This, however, does not mean that the reaction cannot take 
place under the influence of light of wavelength greater than 
350 /x/x, for Baly and Heilbron (Jour, Chem, Soc.^ 1921, 119, 653) 
have shown that energy may be transmitted front one molecule 
to another when these possess a common absorption frecpiency 
in the infra-rod portion of the spectrum. Hence, if in the leaf 
there is a substance which absorbs the infra-red rays having a 
frequency identic’al with those absorbed by carbon dioxide, but 
which also absorbs visible light of a (diaracteristic frequency, then 
the energy of the visible light so absorbed may bo radiated by 
this molecule in the form of infra-r(Hl rays and reabsorbed in this 
new form by the carbon dioxide. Such substances arc termed 
pliotocatalysts. 

In tlie ])lant there are undoubtedly photocatalysts present 
which absorb visible liglit and radiate it as infra-light of fre- 
quencies absorbed by the carbon dioxide and formaldehyde 
resjiectively, causing (1) the conversion of carbon dioxide into 
formaldehyde, and (2) the polymerisation of formaldehyde into 
reducing sugars. Pliotocatalysts which allow the first reaction 
to take pla(*e, but protecting, at least in part, the formaldehyde 
formed from polymerisation, are malachite green, j>-nitroso- 
diincthylaniline, colloidal uranium, and colloidal ferric hydroxide. 
In the plant itself the chlorophyll undoubtedly acts as a dual 
photocatalyst for the two reactions. The function of the chloro- 
phyll was concisely and prophetically summarised by Mrs. Helen 
Abbott Michael in a lecture delivered before the Franklin Institute 
in January, 1887, as follows : “It absorbs certain rays of light, 
and thus enables the protoplasm of the cell to avail itself of the 
radiant energy of the sun’s rays for the construction of organic 
substances from carbon dioxide and water.” 

Such cncj'gy as is absorbed in the form of light by the organs 
of the growing plant is stored, in its converted form, as chemical 
energj^, especially in the form of starch, insulin, and proteins ; and, 
as Simpson points out (/oc. cit.), the first step in the utilisation of 
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the chemical energy of the starch is its hydrolysis, by enzj^mes, to 
maltose, and thence to glucose, in which form, in solution in the 
sap, it can be transferred to any required part of the plant. Tlie 
next stage, the degradation of the simpler carbohydrates, seems 
to be the formation of substances containing tlie keto-methylcno 
grouping, — CHgCO — , or chains of this grouping, which may be 
considered as being derived from carbohydrates by a single 
dehydration and the migration of a hydrogen atom, thus : — 

— CH(OH)— CH(OH)— ^ 0{OH) CH^— CO— 

The importlinco to plant physiology of the readiness with which 
substances containing this ketone grouping condense with one 
anotlier and w ith other substances was first recognised by Collie 
{Joitr. Chem. Soc., 1907, 91, 1806), and if we apply the above 
seric^s of cliangcs to a simple aldohexoso sugar, the jn’oduct will 
readily furnish us with a number of substances from which a good 
many css«?iitial oils are very probably synthesised by the plant, 
thus : — 


CH.,0H-~CJ10H-~CII0H---CH0n— CHOH— OHO 

. 1 — 3H2O 

OHo - C(()H)— CH -= C(OH) -OH - CO 

1 -1- H,0 

CII 3 - CO— CPfa— CO— CH.-COOH 

triacclic acid 

I \ 

I,y(l(0l3-His CH3— CIO— CH,— CO-CH3 

1 1 nc etylaretono 

CH,— COOH 4 CH.CO—CHg— 00011 

acetic aci<l acctoacelio acid 


CH 3 — CO— CH 3 
acetone 


From acetic acid there may also be formed, by reduction, 
acetaldehyde and ethyl alcohol, and methyl alcohol may likewise 
be formed from formaldehyde. 

The identification, how^ever, of any of tlicsc or other simple 
substances, for example methyl alcohol, ethyl aloolK)!, acetalde- 
hyde, diacely], or methyl heptenone, in the lower fractions of the 
essential oils, neither proves nor disproves that these bodies are 
the precursors of the more important constituents, since they may 
be equally readily produced from the terpcncs by brcaivdowns 
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occurring during the preparation of the oil, particularly by 
fermentation or during distillation. 

'Oharahot. who has made an exhaustive study of the develop- 
ment of the Ticrfnme in the plant, gives the following remme m 
a highly interesting brochure, » The Present State of the Perfume 
Industry” (Paris, 1909): — 

The study of the mechanisms which regulate the formation 
of the odorous matters, and their evolution, the investigation of 
the relation.s existing between the chemical phenomena which 
modify these substances and the immediate manifestations of the 
life of the plant, the knowledge of the part played by the essential 
oils in the vital economy, constitute so many entiping problems 
which it will be readily conceived, have a capital importance, not 
only from the point of view of rational cultivation and of judicious 
harvesting, but also from the point of view of the rational extrac- 
tion of the perfume of the plant. „ , . • 

“ To this stinly I have devoted, cither alone or in collaboration, 
principally with'M. Al. Hebert, more than ten years rjf research 

“The question embraces: the formation and circulation of 
the odorous comiK.unds ; their evolution, and the mechanism of 
this evolutimi ; the genesis of the odorous matters, and the 
physiological role of the perfumes. 

‘‘ Formafion aud CirculatUm of the Odorous ComiKmuds. “•Ihe 
odoriferous iilants form two very distinet groups as regards the 
distribution of their aromatic principles among the various 
organs. In some the essential oil makes its aiipcarance in the 
green organs ; in the others it e.xists e.xclusively m the ll()wers. 
Thus it will be necessary to consider separately the perfume in the 
entire plant and the |ierfumc in the isolated flower. 

“ The perfmiie in the entire jilmif . — We have experimented with 
various representatives of the vegetable kingdom, belonging to 
dilTereiit families and containing the most diversified chemical 
substances, and we have arrived at the following conclusions : 

“ The odorous matters make their appearance in the young 
■ green organs They continue to form and accumulate until the 
flowering period, but with an activity which slackens more or less 
appreciably. They migrate from the leaf into the stem, and 
' thence into the inflorescence, obeying the laws of diffusion ; a 
portion enters into solution and, by osmosis, penetrates into the 
stem. On arriving in a medium already saturated wit-h similar 
prodirtts, a portion is precipitated, whilst the rest, consisting of a 
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relatively soluble mixture, continues to diffuse through the 
membranes and reaches the organs of consumption, particularly 
the inhorcscences. 

At the time when the work of fertilisation is accomplished, a 
certain cpiantity of essential oil is consumed in the inflorescence. 
It is possible, and even probable, that the green organs produce 
at the same time further quantities of odorous matters ; experi- 
ment only permits of the determination of the fact that the 
difference l)e tween the production and consumption is cx])ressed 
by a loss at the period when the functions of the flower are 
accomplished. 

The practical consequence of this last conclusion is that the 
harvesting of the perfume-yielding plants should be effected 
shortly before this consumiition takes place, that is, before the 
act of fertilisation. 

“ When this act has been accomplished, the odf)rous principles 
appear to descend again into the stem and, generally, into the 
organs other than tlie flower, a migration wliich is probably 
induced by the d(\siccation of the inflorescences, which involves, 
other things being equal, an increase in the osmotic pressure and a 
partial precipitation in silt( of tlie least soluble principles. 

Thp> pp.rjunie in the isf)1((fed flower , — There exist, as was suj)- 
posed by J. Passy, and as was proved by A. Hesse and his colla- 
borators, two categories of plants : one class continuing to 
produce odorous matters when placed under conditions such that 
the vital functions may still be exercised ; the other (dass con- 
taining the whole of their odorous principles in the free state, and 
incapable henceforth of producing any further quantity even 
though their vitality be not arrested. 

Evolution of the OdorousCompounds.ayid its Meehanisitu — Tbose 
researches, which I have carried out partly in colIa})oration with 
M. A. Hebert, have led to the following conclusions : The com- 
pound ethers have their origin, in particularly active fashion, in 
the green portions of the j)lants, by the direct action of the acids 
on the alcohols previously formed. This phenomenon of esteri- 
fication is assisted by a special agent playing the part of a 
dehydrating agent, j^robably an enzyme of reversible activity. 

The influences which arc capable of modifying the plants so 
as to adapt them for a more intense chlorophyllian function are 
favourable at the same time to esterification, because this function 
is favourajjle to the mechanical elimination of water. 

‘‘ Thus the chlorophyllian function tends to acquire a ndV sig- 
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nificance : it not only assures the fixation by the plant tissues of 
carbonic acid gas, it not only effects, by favouring transpiration, the 
circulation of the liquids which carry and distribute the principles 
'neccssarj^ to the mineral nutrition of the plant, but it also activifies, 
once the carbon is assimilated, the condensations which enable the 
passage from a simple chemical structure to one of the innumer- 
able complex structures the study of which taxes all the ingenuity 
of the chemists. 

‘‘ When the alcohol is capable of readily parting with the ele- 
ments of water, it gives rise, together with the compound ethers, 
to the corresponding hydrocarbon, so that the first transforma- 
tions which the alcohols undergo are duo to phenomena of 
dehydration. 

“ Phenomena of isomerisation, that is, changes of nature with- 
out change of composition, also proceed together with the meta- 
morphosis of the odorous matter. Lastly, the alcohols and their 
ethers are actively converted into their oxidation derivatives, 
particularly when the inlloresceaccs appear, in which </jrgans the 
fixation of oxygen by tlie tissues is particularly intense. 

Genesis of the Odorous Matters . — The sum of my researches 
and the interesting observations of M. Hesse lead to a conception 
of the genesis of the odorous matters in the plant. A large number 
of the odorous jn^oducts, very diverse in their functions and 
chemical structure, are produced in consequence of the splitting 
up, with fixation of the elements of water, of principles called 
glucosides. It is sufficient to admit the general nature of such a 
mechanisin to arrive at a satisfactory explanation of the facts 
observed with regard to the formation of the odorous matters 
and their appearance at any particular point of the vegetable 
organism. 

‘‘ It seems to mo that there is reason to believe that the glucoside 
wdiich is capabl(5 of yielding the essential oil is formed or tends to 
be formed in the green portions. Most frequently, this glucoside 
immediately encounters the conditions of enviionment which are 
favourable to its decomposition, and then the essential oil appears 
in the green portions and begins to circulate, evolve itself and 
play its part. It may even happen tliat the medium is so favour- 
able to the splittuig up of the glucoside, that the latter can never 
bo formed ; in this case the whole of the essential oil will exist in 
the free state in the green organs. 

In other cases, the glucoside only comes in contact with the 
ferm!^nt wdiich is capable of splitting it, in the flower. It will then 
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only be after it has circulated as far as the flower, undergoing 
in its course more or less profound modi^ications, that it will be 
able to liberate the constituents of tlie essential oil, and the 
flower alone will be odorous. It is not impossible that, in certain 
flowers, the medium be so favourable to the sjditting up of 
the glucoside, that the latter is completely split up as soon as it 
arrives there. The formation of further quantities of essential oil 
in certain flowers in proportion as the essential oil already formed 
is removed, wx)uld be explained by a phenomenon of chemical 
equilibrium. The following reaction : ‘ Glucoside d- water = 

glucose "I" essential oil,’ would be restricted by the reverse reaction, 
and a slate of*C‘qui librium would be reached when the glucose and 
the essential oil would amount tn a certain proportion. Thus 
the flowers in question, if left to themselves, would retain a 
quantity of perfume wliich would not iiUTcase. On the other 
hand, if the esst'utial oil be nmoved as fast as it is formed, the 
decomposition of the glucoside w'ould no longer be limited, but 
would continue to take ])lacc. Consequently, the apjiearance of 
a fresli quantity of perfume in the plant whose life is piolonged 
whilst the odorous matter is continuously n^moved, follows as the 
result of a phenomenon of chemical equilibrium in tlic vegetable 
cell. 

“ It will be understood, without it being necessary to insist on 
it, what advantage we have been able to derive from tJio practical 
standpoint as regards tlie value and the yi(‘ld of perfume, from all 
these results obtained by sciontilic ri\soarch. 

“ Pliysiolo[}iml Ixolc of the Odorous Mailers . — In collaboration 
with M. Hebert, 1 Iiavc proved that, contrary to what ^vas pre- 
viously believed, tlio odorous matters are not waste produeAs of 
wliicli the plant cannot make use. They are cai)ablc of being 
utilised by the plant, particularly when tlie latter is protected from 
light and no longer assimilates tlie carbonic acid of the air with the 
same intensity. They participate normally in the worJv of fer- 
tilisation and of the formation of the seeds, in the course of which 
they arc partially consumed. 

“ It might appear that the method of volatile solvents, with 
recent improvements, would have satisfied all possible desiderata. 
But progress is indefinite ; its limits recede as fast as research 
tends to attain them. And there is no scientific or industrial 
problem which, ^ when solved, does not open up a new problem. 
For instance, as a corollary to the researches of which I have just 
summarised the results, the question arose whctlier Natii!*c has 
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not been too parsimonious in the distribution of her perfumes. In 
other words, there was reason to inquire whether it were not 
possible to modify the processes of the living cell in such a manner 
as to favour the elaboration of the perfume. This idea may 
appear to be a little Utopian, but if the idea is propagated, may 
it not be true that the Utopia which it discovers to-day will be 
the reality which progress will vanquish to-mon’ow ? I have 
good reasons for saying tliat this is indeed a fact in the present 
instance. It will he seen therefore, that enlarging the domain 
of vegetable chemistry and physiology, the study of the odorous 
matters has not merely been of speculative interest, but has also 
led to industrial ax)pHcations in the most directly positive sense." 

The essential oils arc in most cases normal secretions, but a 
few are imrely pathological products, their existence being broiight 
about only by intentional wounding of the plant tissues. But, 
as animal secretions are often influenced by external conditions, 
so are plant secretions rendered abnormal by exposurt* of the plant 
to unusual conditions. Sometimes these alterations nussy be, fi’om 
our point of view, beneficial, or they may be detrimental. The 
external conditions which have most influence on the life history 
of the plant in relation to its essential oil f>i‘od action are dependent 
upon (1) soil, (2) light, (3) moisture' (4) disease induced by 
insects. In regard to the soil, it is easy to understand that the 
whole life history of a plant must be largely influenced by the 
proper or improper supply of such food as is absorbed ])y the 
roots, and, as will be shown in the setjiiol, the suitable application 
of manures to the soil is absolutely essential if the most profitable 
results are to be obtained. Suitable aj)plications of the necessary 
ingredients to the soil have a definite influence on the plant 
structures, and these will vary the character of the essential oil 
secreted, qualitatively and quantitatively, under these external 
influences. For example, Charabot and Hebert have showm that 
where popperminf; has been grown in a single field, suitable addi« 
tions to the soil have caused the oil to become dextrorotatory, 
whereas in that part of the field where no such addition has been 
made the plants yield a lajvorotatory oil. So also was the amount 
of esters increased by the addition of suitable mineral salts, and 
the percentage of mentJione sensibly reduced. 

Light, of course, has more influence on plant life than any other 
external influence. It wmild therefore be almosj) axiomatic that 
variations in this factor would cause variations in the^-character 
of th^ essential oil produced by the plant. Increased intensity of 
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illumination enlarges, inter aim, the size of t he secreting vessels, and 
stimulates the activity of the chlorophyll. A material alteration 
in the ratio of oxygenated to terpene compounds in the essential 
oil is brought about by drastic changes in illumination. 

The moisture in tlie atmosphere and soil has a very marked 
effect on tlic characters of the essential oil. For example, lavender 
plants which are grown in the Alps or in Daupliine contain, as a 
rule, from 35 to 45 per cent, of linaljd acetate. But the same 
plants cultivated in the neighbourhood of Paris, with far more 
moisture in the atmosphere and soil, have been found to yield an 
oil containing only 10 per cent, of this ester. It is often said that 
the altitude aj; whieli plants are grown is an important factor in 
the determination of the characters of the essential oil. This, 
however, must be accepted with the following qualification. 
Temperature, moisture, and illumination may, and usually do, 
vary considerably with variations in altitude, it is tlie sum of 
the variations in these three conditions which rcallj^ constitutes 
the variation due to altitude. In the same vay, the so-called 
influence of locality as distinguished from altitude is really the 
sum of tlic influences of soil and climate. These may, of course, 
be so great as to cause the resulting essential oils to vary enor- 
mously according to theii^ place of origin. For example, tlie oil 
distilled from Cipnhopogon Martini in India contains about 90 per 
cent, of the alcohol geraniol, whereas the oil distilled from the 
same plant growing in New Caledonia contains only about 10 per 
cent, of tliis constituent. Numerous examples of sitnilar variations 
exist, and, as a rule, where such differences exist tljc compounds 
existing in the two oils, although quite different, ha\'e usually a 
close chemical ndationship. For example, the cymbopogon oil 
of New Caledonia contains over 40 per cent, of citral, which is the 
aldeh 3 "de corresjxmding to geraniol. 

TJk^ influence of parasitic diseases on the essential oil is well 
illustrated by the case of what the French term vienthe basiliquh. 
In the environs of Grasse peppermint plants are often found to 
be attacked by an insect, Eriophyea Mentha% one of the PJiyiojndes, 
which completely transforms the appearance of the plants, so that 
they closely resemble the tops of the sweet basil, Ocimvm Basili- 
mm ; hence the name menthe hasiliquee. No flowers are developed, 
and the essential oil distilled from such plants is of an entirely 
different character from that of normal pepi3ermint oil. It con- 
tains a iquch h?gher percentage of esterified menthol, but only 
traces of menthone. Menth^d valerianate is present in the i/ormal 
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oil to a gre^-ter extent than in the oil from the diseased plant, 
and the oil is frequently dextrorotatory, whereas the normal oil 
is*l0cvorotatory. It is strange that the tendency of the free alcohol 
present to esterification exists where there is excessive dryness or 
much sunshine at the place of growth of the plant, and is 
also induced by pathological conditions such as that indicated 
above. 

Those organs which contain the essential oil are termed the 
secreting organs. I'hey are described concisely by Eugene 
Charabot (“ Le Parfum chez la Plante,” p. 1G7 ei seq,). Many 
plant organs contain cells in which the essential oil is found. 
These cells exist in many i)arts of the plant, frequently in the 
paroncliyma and epidermis of the petals of the flower, or in the 
epidermis of the scales enclosing young buds. Sometimes those 
secreting ec'lls take on a specialised form and form secreting hairs 
or glandular hairs. These exist in very varied forms, but are 
always produced from the* epidermis. They may consist of a single 
elongated (tell or of a numb(^r of elongated cells placed ^nd to end, 
or sometimes in the form of sev(*ral layers of superimposed cells. 
Sometimes the terminal cell is sharply pointed ; frequently it is 
globular and divides, by the formation of membranes, into several 
cells. Hanstein, and Tscliirch and TMnmaiin consider that the 
essential oil is formed at the expense of the cell membranes, which 
undergo a sort of gedatinisation and break down into a mixture 
of mucilaginous matter and essential oil. This vie\v is not shared 
by numerous other investigators, however, and cannot be said 
to be (established. 

The secretions known as “ external ” are produced in a cavity 
surrounded by living cells, which are known as secreting cells. 
This cavity may be spherical or in the form of a ‘‘ canal,” or in 
some intermediate form. They are usually classified according to 
their origin, which may be schizogmous or lynigenous, or inter- 
mediate between tlie two. 

In such plants as for example the MyrtaccfB, the secretory 
pockets or canals are formed by the schizogenous process. A 
single cell divides into four daughter cells by the appearance of 
appropriate septa, which leave a space between the newly formed 
cells. The process is repeated again and again, the lacuna so 
formed continually increasing in size, which is the schizogenous 
gland. If this process takes place with numerous layers of colls, 
a canal is formed instead of only a gland or pockpt.” The 
essential oil is formed in the living secreting cells bordering on 
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the gland or canal, and transfuses ready made into the gland or 
canal through the cell walls. In freshly formed organs of this 
type the essential oil sometimes appears first in the gland, etd., 
atid only afterwards in the secreting cells. This is explained by 
Tschirch as being due to the decomposition of cell membrane as 
the mother substance of the essential oil. According to liijn the 
external pait of the membranes of the cells immediately surround- 
ing the organs rapidly becomes mucilaginous and oily, and the 
products so formed are the first which are present in the organ. 
This process continues until the gland or canal is completely sur- 
rounded by tins gelatinous external layer of the surrounding cells, 
which Tschirch calls the resinogenous layer (remiogeneschicht). 
This layer, he considers, is separated from the canal or gland by a 
thin cuticle common to all the colls. In this resinogenous layer 
Tschirch considers the essential oil is formed, and transfuses into 
the gland or canal, where it agglomerates into droj)s. This, 
however, is still a matter of speculation. If essential oils and 
resins were com])letely insoluble in water, IWhirch’s theory of the 
formation of the essential oil outside the surrounding cells would 
be understandable, as they could not then difiuso through the 
cell walls. But as tJiese bodies are, in fact, soluble in water to a 
limited extent, thtae is nohliing to stop thorn diffusing through the 
cell walls in tlio form of an ac|ueous solution, and the resinogenous 
layer, w liilst ])()ssible, is no longer a necessary conception. Glands 
and canals of Ij'sigouoiis origin are formed as follow\s : — 

In a number of j)lants the external ” secreting organs arc not 
formed by tJio s})]itiing of cells with a shrinkages fi*om each other, 
but by a-n ae^tual dissolution of the cells themselves. In this 
actual dissolution of the cells there is, according to Tschirch, still 
the formation of a ro.sinogcnous layer, wliich functions as above 
indicated. These lysigenous spaces formed by disintegration of 
whole cells are not common in the vegetable world, and arc usually 
the result of pathological conditions. And even w here the cavities 
are lysigenous in origin the greater part of the cavity is formed 
by the schizogenous method, the final layer of cells bounding 
the space then disintegrating. The resin ducts of tlie Conifers are 
of purely lysigenous origin, but those of tlio Ruiamfe and many 
other plants have a mixed origin, which is termed schizol^^sigenous. 

Secretory glands known as intercellular gland.s are found in one 
or tw^o natural orders. These are spaces which appear between 
the secretjng colts, which remain attached at their extremities, 
but are forced apart by the transfused secretion through the M'alls 
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of the cells to provide space for the accommodation of the secreted 
material. 

• The actual course of the evolution of the perfume in the plant 
has been followed in detail by Charabot and Laloue in a number 
of entirely different types of odour-bearing plants, of which the 
following arc the principal : (1) the linalol group, (2) the gcraniol 
group, (3) the thujol group, and (4) the menthol group. {Vide 
Itoure-Bertrand Fila, Bulletin y March, 1900, 12.) The perfume of 
bergamot oil is almost entirely due to the acetic ester of the 
alcohol linalol. By dehydration linalol is converted into terpenes 
(principally limonenc), and by esterification into linalyl acetate. 
They showed that as the bergamot fruit matui'cg the following 
modifications happen to the essential oil : — 

(1) The amount of the free acids present decreases. 

(2) The amount of linalyl acetate increases. 

(3) The amount of free linalol decreases. 

(4) The total amount of linalol decreases. 

(5) The amount of terpenes increases. 

The results obtained are shown in the following table : — 


Oil of 


1 

Greon fruits. 

llipe fruits. 

S])ccific gravity at 14° . 

0-882 

0*883 

Specific gravity at 18°. 

0*879 

0*880 

0])lical rotation, in 100 mm. tube . j 

+ 14° 38' 

-f 20° 30' 

Acidity, as acetic acid per cent. 

0*289 

0*283 

Linalyl acetate per cent. . . i 

33*8 

38*2 

Free linalol per cent. . . . | 

15*1 : 

5*6 

Total linalol per cent. 

41*7 

35*6 


Having established these results, it was of interest to study 
comparatively the teri>cne portions of the two essences, and then . 
to consider the various observations all together. 

Two hundred grams of each of the two products were saponified 
by boiling for one hour with a slight excess of alcoholic potash ; 
the saponified oils were then precipitated by the addition of water* 
Their physical constants were then as follows : — 

Essence of 

Green fruits. » Ripe fruits. 

Specific gravity at 16®, . . 0*8625 . . ^ 0*8615 . 

Optfcal rotation, in 100 mm. tube + 13° 52' . . + 20° 10' 
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Thus, the specific gravity of the oil of ripe fruits has diiniiiished 
more than that of the oil froiji green fmits, as would be expected 
from its higher ester content. 

Tlie increase in the amount of linalyl acetate, accompanied by 
a decrease in the total linalol, indicates that the linalol appears 
in tlio plant tissues earlier than its ester. Further, the free acetic 
acid reacts witli tlie linalol, ])rodueing esters on the one liand by 
esterification, and terpenes on the other hand by dehydration. 
Ciiarabot draws from these facts tJie following practical con- 
clusion. Oil of bergamot, having a value whicli dep(ui(ls almost 
entirely on its ester content, is best expressed fron) fruits wdiicli 
have arrived at complete maturity. Jdiialol is also the parent 
odour bearer in the (‘ssential oil of French lavender, (^liarabot 
examined the progressive development of this oil' in the jdant by 
distilling throe sanijfies of oil from the same [tantaiion of flowers 
wliicli were cut at intervals of a fortniglit, the first in tlic budding 
stage, the second from the fully flow^^ring plant, and the third 
from the flowers when they had faded. The three oils had the 

foUowirUT^ ehampf^rcj • - 


Sj)eeifie gravity 
Oplieal rotation 
Free acetic^ acid* 
EstcTs ])er eent. 

Free linalcl p(T ('cnt. 
Total linalol j)erceiit. 


finds. 

1 Flowers, 

L _ -i 

Fa<lefl 

(lowers. 

O'SHo 

1 

j 

0-882 

- 32' 

- i 

1 

o 

O 

0-52 j 

0-47 ! 

0-38 

30*0 i 

40-4 ; 

31)- 8 

21-0 1 

l(j-7 ! 

18-0 

4T8 j 

48-4 i 

50-3 


The acidity has therefore diminished as the fiowau’ de\ elops ; the 
amounts of free and total linalol have diminished, and the amount 
of esters increased, as the flow or develops, and as the flowcT fades 
tlie oil contains more linalol and less esters. Here then, as in the 
case of oil of bergamot, the process of esterification is accompanied 
by a decrease in the amount of free acid and of total linalol. There 
can bo no doubt that the esters are the result of direct action 
between the acids and the alcohols. Oil of basil contains a con- 
siderable amount of linalol compounds, together with the phenolic 
compound estragol. The examination of tliis oil was made at 
four different stages of the plant’s development. 

* Expressed as grams per litre of distillation wafer, 
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First stage. The oil was distilled from the young plants before 
flowering, and compared quantitatively with the oil distilled from 
the plants at the second stage^ the commencement of flowering. 
It was found that tlie percentage of essential oil in the green parts 
of the plant has undergone a diminution at the commencement 
of the fjow(;ring period, and the young inflorescence is actually 
richer in essential oil tlian the green parts of tlie plant. In the 
third stage, when flowi^ring is quite advanced, the proportion of 
essential oil has sensibly diminished in the green parts of the 
flf)W(‘r, during llie accomplisJirncnt of the functions of the in- 
floresciaice. To a smaller extent, the proportion of oil in the 
inflorescences themselves has also diminished. Thus, in spite of 
the incr(‘ase in tlie size and number of the green leaves, the manu- 
faetuie of essential oil has not been able to keep pace with its 
consumption by the inflorescence during the fecundation process. 
In the jofirih stage, at the maturity of th(‘ sf‘eds, and wlien the 
essential fiinetiojis of the flower have been peufe^rmed, it was found 
that the proportion of essential oil laid increased in the green parts 
of the ])lant to a quantify above that which existed in the third 
stage, corresponding to advanced flowering, hut had diminished 
in the d^dng inflorescence, and the ])Iant has now becomcj, as a 
whole, poorer in odorous compoundst It is therefore seen that 
the essential oil is already ])resent in tlie young gvoon plant, and 
acoLiniuIates to the grcaitest extent up to the coinmericomcnt of 
tlie flowering period, and commences to disappear as the fiowaTing 
poiiod advances. But during this period, wdiilst the amount of 
oil diminisluis in the green parts, it increases in the infioresconccs, 
and tliis last-named state of things is reversed after fecundation is 
accomplished. 

Tlie examination of the essential oil of geranium is of special 
int(;rest on ac.count of the fact that the plant, at all events in the 
south of France, produces but few flowers, wdiilst the leaves, in 
wdiich the iierfume chiefly resides, are very abundant. (Vide 
JloHre- Bertrand Fils, BuLlelin, October, 1900.) 

The odour is due, in the main, to a mixture of geraniol with 
a little citronellol in the free state, together with a considerable 
amount of esters of these alcohols, of which the typical one is 
geranyl tiglato. The ketone menthone is also present, and has 
some etioct on the odour. Charabot distilled the green plants on 
tJuly 18th, and a second cutting of the same group of plants — 
still green, a month later. The July sample had a specific gravity 
0*807 ; optical rotation, — • 10"^ ; esters, 5*8 per cent, ; free 
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alcohok, 64 per cent. ; total alcohols, 67*8 per cent. ; and acid 
coefficient, 43-8. The August distillate had a speeilic gravity 
0*809; optical rotation, —10^16'; esters, 10 per cent. ; free 
alcohols, 02*1 per cent. ; total alcohols, 08*6 per cent. ; and acid- 
coeificient, 41. Here again, the acidity decreases as the plant 
develops, and the amount of esters increases at the same time. 
The amount of total alcohols increases slightly, and that of the 
free alcohols decreases. It was found that no ai)prcciablc quantity 
of menthono was present in either oil, but when the plant was 
completely mature, an appreciable quantity of menthone appeared 
in the oil. 

These facts,, though witliout absolute signification, show, 
however, that the samples examined, which had been j^repa red from 
green contained no menthone, or at all events, only very 

small quantities of it. A product obtained from the same crop, 
but prepared after the flowering and complete maturation of the 
plants, was quantitatively examined for menthone. The I’esults 
obtained were as follows : — 

Coefficient of saponification of the acetylated 
essence ....... 200 

Cocificicnt of sajionification of the reduced and 
acetylated essence » . , . . .213*1 

C<.>cfficicnt of saponification corresponding to tlie 
menthone . . . . . . .13*1 

These figures allow the conclusion to be drawn tiiat the ketonic 
coubtllueiU is produced prhuiipally at the period at which the, jdont 
possesses the greatest respiratory activity. The result is therefore 
the same as in the case of ketones or aldehydes existing in the 
plant side by side with alcohok to which they correspond or from 
which they originate in the course of vegetation. 

Finally, it was of interest to extract and examine comparatively 
the alcoiioiic portions of the essences studied. The }nethod of 
Haller was applied, making use of a process differing slightly 
from that liroposed by Erdmann and Huth {Jour, Prakt. Chem., 2, 
56, 1), and starting with 15 grams of each of the two essences. 
The results obtained were : — 

Weight of iiotatory power 

alcohols extracted. in 100 mm. tube. 

Product collected on July 18th ♦ 7*5 grams. , . — T 32' 
Product collected on August 21st . 7*2 „ .. — 2M2' 

The alcoholic portion of oil of geranium being composed almost 
exclusively of a mixture of geraniol, which k inactive, and of 
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citronellol, which is leevorotatory, the more active product would 
therefore be richer in citronellol. 

To prove whether the ratio between the proportion of geraniol 
and that of citronellol does vary during the vegetation, as the 
rotatory powers of the alcoholic portions would seem to indicate, 
the citronellol was isolated by the process ■ described by Tieman 
and Schmidt {Berichte, 29, 903). Starting with 7 grams of each 
of the two alcoholic mixtures, there were obtained ; — 

From the oil collected on July 1 8th . 1-23 grams of citronellol. 

From the oil collected on August 21st . 1*97 „ ,, 

These observations show and confirm that the proportion of 
citronellol in relation to that of the geraniol increases during 
vegetation. 

Can it be concluded that this increase of the citronellol in the 
essence takes place at the expense of the geraniol ? This seems as 
yet hardly justifiable. Still, this transformation of geraniol into 
citronellol, according to the equation 

CioHisO + 2H = C,oHs.oO, 

would be quite conceivable, especially since it would take place 
in the green ]3arts of the plant which are known to be strongly 
reducing media. This hy])othe8is wdhld be in accordance, both 
with the obsei’vations of a chemical nature described above, and 
with the physiological data wliich we possess. 

In order to ascertain whether the conclusions di’awn from the 
af)ov(* cases, namely, that the increase in the proportion of 
alcohols and esters in an essential oil should correspond with the 
most active period of the development of tiie green parts of the 
plant, applied to typical perennial plants, it was considered desir- 
able to study a plant wdiich, after a long period of slow vegetation, 
undergoes a rapid development and elaborates during this quick 
grow th a considerable quantity of essential oil. This condition 
was, in fact, necessary in order that the quantity of terpene 
compounds formed might be greater than the quantity of the 
same substances after modification in the organs endowed with 
a powerful respiratory energy. Artemisia absinthium was chosen 
as lending itself well to such a study (Raure-Bertrand Fils^ Bulletin^ 
October, 1900). 

The essential oil of absinthe contains, principally, a ketone, 
thujone, CioHjoO, in considerable proportion, acetic, valerianic and 
palmitic esters of thujol, the alcohol corresponding to thujone, and 
thujol, CjqHjljjO, in the free state. 
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On June 8th, 1899, after a period during which the plants had 
developed very slowly, a sample of essential oil was prepared ; 
the yield amounted to 0*1429 per cent. 

About a month later, on July 12th, the vegetation had reached 
its maximum activity ; a fresh sample of essence was then 
prepared from plants in the same field ; the yield in this case had 
increased to 0*2450 per cent. 

Thus, during the period of active vegetation, not only liad the 
weight of the individual plants increased considerably, but the 
relative proportion of cs.sential oil was nearly doubled. 

The following are the characters of t!ie two oils : — 

I June Ktb. , July J2th. 


Specific gravity at 24*’ 

Esters (»f Uiujol (calciilatcal 
acetate) 

Freethujol 
Total tlmjol 

Thu j one .... 


as 


0-I.K507 

9*7 per cent. 
O'O 
Itrt) 

43*1 


0*9253 

13*1 percent. 
9*2 „ 


The results of the estinuUioris of tlic thujone and thiijol were 
confirmed by analysing in both cases the fractions conesponding 
to these two bodices. 

It will be seen that during the period of active vegetation the 
esserifial oil becomes sensihly richer in esters of ihujol^ whilst the 
proportion of free ihujol remains almost constant, and that of the total 
thnjol increases. 

During this same period a ])ari of the tJwjol formed is converted 
into thujone, but ihi^ transformation is less than during the period of 
slow vegeUition, so that the })r(>])ortion of thujone expressed as per 
cent, of the essence has diminished. 

During the period under consideration, the period of active 
vegetation, it is seen that not only does the weight of the plant 
increase considerably, but also the relative proportion of essential 
oil attains a value almost double that in the former stage. A 
considerable quantity of thujol has been formed. The brilliant 
light, whilst it has diminished the respiratory activity, lias at the 
same time increased the energy of the function of assimilation. 
The two effects hfj-ve so combined that the resultant of the two. 
functions is<ar more in favour of assimilation than in the preceding 
period. The quantity of oxygen fixed by the plant then becomes 
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insufficient to convert so large a proportion of thujol into thujone 
as during the period of slow vegetation. The result is that the 
proportion of thujone, expressed in terms of 100 parts of essence, 
is smaller in the second stage than in the first. On the other hand, 
the proportion of thujol increases during the period of active 
vegetation. As for the esterification, it follows the normal course. 

When the flower has performed its function, the oil commences 
to return to the green parts of the plant, as in the case of basil 
oil. 

In regard to the menthol group, for which study oil of pepper- 
mint was obviously chosen, the investigation was extended so as 
to include the effect of manuring on the evolution of the terpene 
and other compounds. In the first place, the oils examined for 
the purposes of comparison were four in number, namely, (1) oil 
distilled from quite young plants, about 20 inches in height, in 
which the inflorescence has just formed ; (2) oil distilled from the 
plants when the buds were commencing to appear, and from which 
the inflorescences were removed ; (3) oil distilled from the 

infl(^rescenccs so removed ; (4) oil distilled from the normal 
well-d(ivelopcd plant when the flowers were fully formed. These 
four oils had the following characters : — 



1. 

2. 

Specific gravity 

0d)025 

0*9010 

Optical rotation 

o 

C 

1 

- 26^ 

Esters pcT cent. 

Combined menthol per 

3'7 

10*3 

cent. .... 

2-0 

8*1 

Free menthol per cent . 

44-3 

42*2 

Total menthol ,, 

47*2 

50*3 

Menthone ,, 

5-2 

4*2 

Specific gravity 

3. 

0'908l 

4. 

0*920 

Optical rotation 

^ 20^ 15' . . 

- 2° 37' 

Esters per eent. 

Com bin cd menthol per 

7*5 

10*7 

cent. .... 

5*9 

8*4 

Free menthol per cent. 

29*9 

32*1 

Total menthol „ 

35*8 

40*5 

Menthone „ 

16*7 

10*2 


So that there is an increase in esters in the total essential oil 
las calculated from 2 and 3 combined) distilled from the whole 
of the plant as the green part develops. The alcohol (menthol) 
has decreased during the development of the inflorescences, whilst 
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the menthone has increased. Hence the oil obtained from plants 
systematically deprived of their inflorescences contains but a 
small quantity of menthone, but is rich in free menthol and in 
esters. The formation of menthyl esters takes place princii)al]y 
in the green portions of the plant, whilst the menthone is produced 
principally in the flowers. 

It is thus clear that at the beginning of vegetation the oil is 
rich in menthol, nearly all of which is present in the free condition, 
only a small j>erccntagc of esters being present. Only a small 
quantity of menthone is present. As the green parts of tlie plant 
develop the esters increase, as is the case with other oils. As the 
essential oil maelies the inflorescence the esters commence to 
diminish, but if the whole plant he distilled, tlic esters have 
increased owing t o the continued growth.of the green parts, which 
more than balances the decrease in the inflorescence. Menthone 
increases as the flowers develop, and this point is well cmj)Iiasised 
by the fact that in the diseased mint (inevthe hasiUqvce)^ where 
the flowers no longer appear, the oil is practically free from 
menthone. The o'ffccls of manuring the j)eppermint plants with 
sodium nitrate are elahoratel}'^ recorded by Cliarabot and Hebert 
{Movre- Bertrand Fils, Bulhiin, October, lfl02). The following 
were the conditions of •cultivation and i)ercentagos of oil 
obtained : — 

Juhj ISth, 1901. — The inflorescences were clearly defined and 
the flowers were not yet entirely opened. Four row\s of plants 
cnlflvakd normally were cut, weighing 14 kg., which yielded 
211-47 grams of oil (yield. 0- 1(176 per cent.). 

- July 2Ai]i . — Abundant floweiing. Two rows cultivated normally 
gave li»5 k'g. of plants, and these gave 23*42 grams of f>il (yic^ld,' 
0*2036 per cent.). Two rows cultivated with sodium nitrate cot^- 
tained 11*5 kg. of plants, which gave 23*18 grams of oil (yield, 
0*2017 per cent.). 

August 20th , — Complete maturity. In order to compare the 
oils contained in the chlorophyll-bearing organs, ilie inllorescenccs 
and the violet-tinted l(»wer portions of the stems were separated. 
One row cultivated norm, ally, weighing 6 kg., gave* 3 kg. of chloro- 
phyll-bearing material, from which were obtained 0*921 gram of oil 
(yield, 0*033 per cent.). One row and a half cultivated with sodium 
nitrate weighed 8*5 kg., and gave 4 kg. of cJiloro])hyll-bearing 
material containing 1*867 grams of oil (yield, 0*047 per cent.). 

September lOth . — After the fall of the petals and the partial 
withering of the inflorescences. Nine rows cultivated normally 
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gave 34*9 kg. of plants and 114 grams of oil (yield, 0*356 per cent.). 
One row and a half cultivated with sodium nitrate gave 7 kg. of 
plants and 20*2 grams of oil (yield, 0*289 per cent.). 

The analysis of the essential oils, extracted under the conditions 
enumerated above, yielded the results set forth below. 

Rotatory Power, Esters of Menthol. — The estimation of the 
esters was carried out w^ith such precautions that any difference 
exceeding 0-2 per cent, should be regarded as real. 


July ] 8tli, 1901. 24th, 1901. 

thMiowcriijg During the flowering. 


Normal 

cultivation. 


Normal 

cultivation. 


Cultivation 
with sodium 
nitrate. 


Rot.ntory power at- 20" . — 3" 30' 

Esters (e.alculated as jiientLyl 

aeeiait') . . 8-8 per cent. 

Conil)ined ruentliol . 


12 per e(‘nt . 1 2*3 per cent. 

9-5 „ 9*7 „ 


Aiipist 20tli, 1901. 
Chlorophy 11 - hearing 
portions. 


S»'pl ember 10th, lOOl. 
After lh<‘ fall of tho 
petals. 


Normal 

eultiva- 

titm. 


Cultiva- 
tion with 
sodium 
nitrate. 


Normal 

cultiva- 

tion. 


( 'ultiva- 
tion w'ith 
sotlium 
nitrate. 


Rotatory power at 20^ . 

E.stors (calenlated as inontiiyl 
acetate) . . . . 

Combined menthol 


5^^ 30' i — 2" 30' 


33*3 per 
rent. 
26*2 per 
cent. 


39*2 per 
cent. 
30*9 per 
cent. 


27 per 

cent. 
21*3 per 
cent. 


28*9 per 
cent. 
22*8 per 
cent. 


It will be noticed that the plant cultivated in a soil to which 
sodium nitrdte has been added elaborates the essential oil constantly 
richer in esters than that obtained by normal cultivation. Tho 
difference is very marked, and attains 5*9 per o/mt. in the green 
poiiions. 

Free Menthol and Total Menthol. — Estimation of the menthol 
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by successive acet^'lation and saponification yielded the following 
numbers : — 


July 18 th. 1901 
Ih'giunin;::; of 
the flowering. 


July 24th. 1901. 
During llio floworins; 


Normal 

cultivation. 


Normal 

cuKivaihJU. 


Cult ivat ion 
wit h sodium 
nitrate. 


Free menthol in the original 
oil 

T(*tal menthol 
Combined montlioi 
Total metliol 


3 M percent. 28*7 per cent, i 27*1 ])er cent 
41*1 „ 38*2 : 3()*7 

17 21*8 26*2 

lOd 100 100 


ScptoTiihcr lOlh, 1001. 
After the fall of tlu’ petals. 


Normal Cultivation with 

cultivation. socUum nitrate. 


Free mentliol in the original oil 
Total menthol 
Conibin<‘(l menthol 
Total menthol 


25*7 [>er cent. 


47 


>) 


47-4 

Too 


23*0 per ci'iif . 
45-8 

40*8 

100 


It will be observed that the addition of sodium nitrate to the soil 
has brought about a slight decrease in the proportion of total men- 
thol. In spite of this dc(*rease, the quantity of combined menthol 
was greater in the case of the cultivation witli sodium nitrate, so 
that this salt is really proved to be favourable to the esterification. 

Menthone . — The averages of the results obtained from several 
series of determinations are summed up in the table below. 

July 18 th, 1901 

Bcgiiming of the July 21th, 1901. 

flowering. During the flowering. 

Normal Normal CulMvatjon with 

ouHivation. cul.ivation. fiodium iiiiratc, 
Menthone 4 per cent. 8*2 per cent. 6 ])er cent. 

Septemher Iflth, 1901. 

After the fall of ilie petals. 
Normal Cultivation with 

cultivation. sodium nitrate. 

2'6 per cent. 2*5 per cent. 


Menthone 
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The addition of sodium nitrate to the soil, therefore, has the 
effect of decreasing the proportion of menthone. This diminution, 
hrfwever, is less marked than in the case of sodium chloride, but 
it does actually take place. In fact, the oil extracted on July 24th 
from the plants cultivated normally contains 8-2 per cent, of 
menthone, whilst that obtained from the plants cultivated with 
sodium nitrate contains only 6 x)er cent. On September 16th, 
operating on plants bearing withered inflorescences which had 
lost their petals, the iigures obtained showed no difference ; how- 
ever, seeing that the proportion of menthone under these condi- 
tions is very small, and that the estimation of this body is not 
very accurate, conclusions can only be based upon the figures 
obtained from the ]>lants harvested on July 24th. 

It would appear to foUow from this result, and from that 
obtained in the previous study, that the causes which are favour- 
able to esterification tend, on the other hand, to hinder the 
oxidation of the alcoholic princiyJe. 

Conclusions . — TIjc principal facts established by the work just 
described are as follows : — 

Under the influence of sodiwn nitrate the percentage increment of 
the organic matter in the plant is accentnafed, the reJatire loss of mater 
increases^ the esterification is favoured, ike elaboration of the menthol 
and the transformation of this alcohol into menthone, on the other 
hand, are retarded. 

It is well to add that the sodium nitrate is favourable to the 
production of oil (computed per acre). 

The corn])arison of the essential oils in the orange plant is of 
considerable interest. If the oil be distilled from the flowers, it 
is found to he rich in ox3"genatcd constituents, including esters, 
so that it is easily soluble in alcohol. If the flowers are fertilised 
and the fruit allowed to develop to the size of about a full-grown 
pea, and the oil distilled from them, the oxygenated constituents 
have become considerably less in amount, the hydrocarbons 
(terpenes) have increased, and the oil is much less soluble in 
alcohol. If the fruit is allowed to mature, the essential oil, which 
now resides entirely in the peel of the orange, is almost entirely 
composed of terpenes, with only a small amount of oxygenated 
constituents, and the oil is only slightly soluble in alcohol. To 
sum up the general conclusions obtained and indications pointed 
out by the foregoing experimental work, it is clear that the odori- 
ferous material first appears in the young green organs of the 
plant'. It continues to be formed, and accumulates up till the time 
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^of flowering, and passes from the leaves through the stem and 
thence to the inflorescence, obeying the usual laws of diffusion 
and osmotic pressure when in aqueous solution. As such a(iueons 
solution reaches organs containing saturated solutions of the 
perfume materials, and water evaporates, the perfume material 
is, pro taniOy precipitated, the remaining i)ortion still nioving 
freely by diffusion, and reaching those parts of tlio plant it is 
required, principally the inflorescence. When the flower is per- 
forming its essential function, namely, fecundation, a eertaiii 
amount of essential oil is consumed in the flower itself. Tiie green 
parts arc in all i)robability producing more essential oil during 
this ])oriod of , consumption. The practical result, however, is a 
net loss in essential oil during the fciiilisation of the flower and 
maturing of the fruit (except where the fruit itself is rich in 
essential oil). As a result it is usually advisable that perfume- 
boaring plants sliould be harvested before fertilisation takes 
place. When this is accomplished, the oil usually commencjos to 
redescond into the stem and organs otlier than tlie flower. The 
odoriferous substances arc able to circulate in the j)lant in atjueous 
solution, and can be precipitatt^d at those points whicli arc termcxl 
secjetiug cells, glands or vessels, etc. It is in consequence of t]i(‘se 
facts tliat Charabot and his pupils disagree with tho views of 
Tschirch and his fellow -w’^orkors as to tJie so-caJled rcsinogenous 
layer. 

The German botanist Von Marilaim has devoted a good deal 
of attention to the relationship of the perfume of tiie plant to tlie 
attraction of insects for the purj)Ose of fertilisation, and although 
his views do not appear to bo based on sound chemical knowledge, 
they arc nevertheless entitled to attention. Von Marihum (see 
F, if? E, (). E., 1917, 294) has divided tho floral j)crfumes into five 
groups—namely, tho indoloid, amiiicud, parallinoid, i>cuizonoid, 
and terpenoid groups. Taking the so-called indoloid group of 
perfumes, which includes such bodies as skatol and inchfl, it is a 
fact that many of the flowers possessing tliis typo of odour, 
including iminy orchids and aroids, yield essential oils whose 
odours are quite revolting, sometimes recalling that of decom- 
posing flesh or even rotten fish. It is a strange fact that flowers 
having tins type of odour very frequently are so marked with 
livid spots, violet streaks and reddish brown veins, that they bear 
a marked resemblance to small animal corpses in appearance as 
well as in odour. * It is hardly to be doubted that in tlie^se cases the 
odour is entirely protective in function. 
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Coming to Von Marilaun’s aminoid perfumes, which are based 
on amines, including trimethylamine, there can again bo little 
deiibt that the perfume is entirely protective in function, and that 
the odour of these derivatives of ammonia is found to be highly 
objectionable to most animal life, except to the particular group 
of insects who frequent the flowers for tlie sap and so effect 
fertilisation. 

Von Marilaun s division, the ‘‘ benzenoid scents,” is not a very 
happy one, as it embraces every shade of odour which can be 
referred to the benzene nucleus as its parent hydrocarbon, besides 
some which have no relationship whatever with that substance, 
nor would a chemist with any knowledge of essential oils subscribe 
to all his views as to the “ parafllnoid scents.” 

There is one thing wliich strikes the careful observer as very 
remarkable. Honey may have a very different flavour and odour 
according to tlie flowers from which the bees liave collected the 
saccharine sap. But practically all honeys, however different in 
perfume, have an underlying odour wlik^Ji is common to them 
all, and which may be termed the hoiu^y ” odour. Iliis is so 
similar to the odour of synthetically produced phenyl-acetic acid 
that one can scarcely doubt that, it is duo to this body. So that 
it would seem that either plienybacctic acid, or a substance which 
is easily converted into that body by the bee, is the particular 
perfume which attracts the bee to collect the Sticchaihie exudation 
of the flower and to fecundate the plant at the same time. 

It is true that many flowers emit a perfume by day which is 
different from that which is emitted during the night. How far 
this is to be explained by the types of insect wdiicli are liable to 
visit the plant by day and by night respectively one cannot say. 
But it may be that the day visitor is harmless and attracted by 
the day perfume, and the night visitor harmful and repelled by an 
objectionable scent. 

Comparative anatomical studies show an enormous difference 
between the olfactory organs of human beings and of animals, so 
that the perception of perfumes may be, and indeed must be, 
very different in many animals from what it is in the human 
being. There is every reason to believe that the olfactory nerves 
of many insects are very susceptible to some perfumes, whilst 
totally unable to perceive others. For example, the flowers of the 
ordinary Virginian creeper are green, and can have no colour 
attraction to insects. To the human nose, too, they are odourless, 
and yet bees fly to them from considerable distances in such a 
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way as to indicate that the attraction is entirely a question of 
smell. Another example cited by Von Marilaun is that of Bryonia 
dioica. The flowers are staminate on one plant, and ])istillato cfn 
another, and the pollen is not powdery, so that insect fertilisation 
is necessary. The flowers, especially the female ones, arc green 
and insignificant, and half hidden under the foliage. Many insects 
fly past tliem without noticing them at all, and they are almost 
exclusively visited one of the Hymenoptera, namely, Andrena 
florea^ which can find these flowers even in the most out-of-the-way 
places. It must therefore be assumed that the perfume of this 
particular llow^or can be perceived by tliis particular insect, and not 
by others. T|icre arc many other plants whose flowers, to the 
human nose, are odourless, but which, although quite insignificant 
in coloiu* and appearance, attract certain insects, and only them, 
apparently, on account of a perfume which they alone can per- 
ceive. Poi)ularly speaking, these various considerations lead to 
wdiat is known as “ flower fidelity,’’ the true extent of which can 
scarcely be established at present with the limited powers of 
observation at our disposal. 

>Some of the indolokl scents, which arc to be described generally 
as objectionable, have a marked attraction for certain flies of the 
classes Scatophaya, Sarcopkaga and others, wdiich are to bo found 
on carrion and excreta, wdiilst they present no attraction to the 
butterfly or bee. Man^y aininoid scents attract beetles and some 
of the liipimtoplcra, but never, apparently, butterflies. But it 
aj>pcars that no insect which is attracted by an aminoid perfume 
pays any attention to the honey odour. Butterflies never even 
pause near a flower having the pai ticular typo of odour associated 
with honeysuckle, and do not appear to be able to perceive it. 

Von Marilaun has recorded the following examples of the j)owcr 
of insects to ])erceivc odours at a distance. Some years ago the 
aroid plant Dracanciihis crciicus, from Cyprus, was planted on 
the edge of a small group of coniferous plants in the Vienna 
Cardens of Botany. No refuse, manure, or similar decomposing 
matter was present any^vhere near, nor were any flics or beetles 
of the type that are attracted by dung or carrion known to be 
anywhere in the neighbourhood. During the summer the large 
bell-shaped flowers of the aroid plant opened, and immediately 
carrion flics and dung beetles arrived from all directions. The 
peculiar indol-lilie perfume was only noticeable a few yards off 
by human beings, but the insects must have come from many 
hundreds of yards to the flowers, attracted by their perfi»yme. 
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but also that it is the beat rays that decompose it the more 
readily. 

• In 1803, TimiriazefE (“ Actions photochimiques des rayons 
extrdmes du sjx'ctrc visible,’’ Moscow, 1893) stated that “ the 
action of the rays of the red part of the sjK'ctrum is much more 
energetic than the others on the chlorophyll function,” and con- 
cluded that “ chlorophyll acts as a screen to absorb the heat rays 
of the solar spectrum, being necessary to it for the decomposition 
of the carbon dioxide, whilst other rays pass to the plant for the 
dcvelojmient of certain substances.” This conclusion is the 
starting point of Canals’ investigation. 

Some young plants of thyme {Thymus milgariis) from the waste 
lands in the neighbourhood of Montpellier were gathered, using 
every precaution to obtain as much of the roots as possible". They 
were tahen at once to the Institut de Botauicpic de Montpellier 
and were K-pIanted in pots. 

The ])ots were carefully watered and w'cre left in the o])en air 
for a few days until the plants took root. The living i)hints were 
divid«‘d into thiee lots. The first lot was jfiaced in a frame of 
ordinary transj)arent glass ; the second in a neighbouring frame 
with red glas.s, and the third akr> in a neighbouring frame, but 
with blue glass. , 

'JTie cohmr of the g!a‘-ses w-as not selected at hazard. Canals 
had previou.sly examined sireclroseopically a whole .series of 
coloured gl.is,ses and had fixed his choice on two, one red and the 
other blue, which only allowed to i^uss rays of known wavelength. 
The red glass allowed the pasisage only of rays of the foUowmg 
wavelengths . — 

X -- 0/r7800 to X --- OpCOtiO, 

wliilst the blue ones allowed the passage of rays of wavelength 
X - 0p.5820 to A =- 0^4045. 

It is seen that only the two extremities of the visible spectrum 
wore used, that is to say, he employed the group of heat rays and 
the group of rays with chemical action. 

After being in the frames for four days, one could observe that 
the first lot were beginning to fiower (colourless glass), in the 
other two lots everything appeared to be stationary. 

live or six days later the flowers in the first lot were present in 
great numb<>r8, the stems being quite upright and of medium 
length. They appeared to be in no way incokmoded by their 
st*’. / m the frame. It was noted, however, that the leaves were a 
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little larger than those that continued to grow on Iho waste* land. 
The other two lots already show’ed signs of trouble. Under blue 
glass the stem mnained uj)rig}it, tliougli a little longer than tlio'^c 
in the first frame, but there wei-e no flowers. Undin* r(‘(i gla^s the 
stems were of t xaggerated length, and fell without strength on th(* 
edges of the ])ot. The extremities of tlie stems of some of the 
plants w'('re dead, but th(‘ rtmainder w^eie, altlioiigh still gi‘e(‘n, 
without flowcTs. 

Tou days aftiu’wards, that is to say, twenty days after the oom- 
meneonnuit of the cx[>(‘rinlerlt^, the following results were noted : 
the ])Iarits of the lirst lot were all in ilower, none diuid among 
them, but tliey sliowed some dillerenec from tlie thyme growing 
111 tlie open air. The colour of tin* (lowers was ])al(‘r, the stems 
w'ere long(‘r, tlie l(‘avos of a more delicate green, and above all 
their limb was larger. 

In the lot submitted to the action of tla^ chemieal ra}'s, tlio 
greater part of tin* phints were in flower, some weie dead, but the 
general aspect of the jilants seemed identical with that of the 
prce(*(liijg 

ddiose submitted to the action of the rod rays liad iindergom' 
great modi(i(‘atiori. Quite at first, flowering was imjiossibJo, 
some V(n’y few flow'cred, >l)ut two or throe flowM'rs only p(T 
jilaiit couM bo counted. Nmneroiis plants wmto dead, and 
the survivors possessed sUmis of exceS'^ivc* length and May large 
leaves. The xci’ophile character of the th}^!!' had coinjiletely 
disappeared. 

At this [)oint the flowering ends and the stems w'orc gathered, 
wdiich wvm distilled with steam in order to extract the essential 
oil. 

The thymol w’as determined by the raedhod whi(*h consists in 
treating with alkali and then converting the thymol into biiodo- 
thymol with the aiil of iodine. By adding a known excess of 
iodine, it is sufficient to titrate against standard hyposiiljihito to 
obtain tlie quantity of iodine combined wdth the thymol, from 
wdiieh the proportion of thymol contained in the oil can be 
calculated. 

The figures thus obtained were as follows : — 


Essential oil (rod glas.s) 

Thymol. 
Ter rent. 

2r>*5 

(blue glass) 

36 

„ (colourless glass) 

45 

„ (waste-land) 

52-5 
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Consideration of the whole of these results seems to allow of the 
following conclusions : — 

'(1) The quantity of thymol in the oil diminishes in proportion 
as the xerophile character of the plant is attenuated. 

(2) Chemical rays liave a detrimental effect on the formation of 
thymol. 

(3) IJoat rays have a still more detrimental action. 

PERGULARIA.— A number of species of Pergidaria, a genus 
belonging to the natural order Asdepiadacetr, are cultivated in 
China and tlie Flast Indies on account of the great fragrance cf 
their flowers. They are mostly climbing shrubs, inhabit ing India, 
China, Madagascar, and the Moluccas. The llow^eis are greenish 
or yellowish, and aie very highly scented. The jiriiicipal species 
are P, odoraiiH.^iina, P. omlenSy P. mhwr, and P. parviflora. The 
perfume is not extracted. 

PERILLA OIL.— The })lant Pcrilla was first described by 
Lour(‘iro in his “ Flora of CVichin China " in and definitely 
given g<‘ii(‘ric rank by l)(‘efii,sne in 1852. Tliere are tlir(‘C sjiecics 
of pc-rilla w'hich are of particular interest. 

IIk' (lri(‘d lea\(\s of Penlla nlrhdora yield from 2 to 5 ])er cent, 
of es.s(‘ijtial oil of S])e(‘ific gravity O-DM to ()’i)15, which contains 
about ()0 j)er cent, of ('itral. Kondo and Yamaguchi {Jour. Phartti. 
aVoc. Japan, 1911), 446, 2()3) have isolated from it a compound of 
the formula fVJfj/), w'hich they have named pcrillene. 

Pcrilla ocf/niaidc^ grows in the mountains of northern India, 
and is known in (3)ina as Pe.~M)U\ It is used as a tiavouriiig agent. 

Pcrilla argula, indigenous to China and Japan, is known in 
Japan as ,^hiw. Its leaves yield an essential oil having tlie 
following el)araet(‘rs : — 

S}K*(*ifie gravity . . . 0'l)2G-0'939 

()])1ieal rotation . . --90" to — 93° 

Ib'fraetive iiid(‘X . . . 1*4983 

Ald(diydes . . about 50 per cent. 

The oil contains ])erillie aldeh^^dc, and })robably esters of 
geraniol. Gattefoss^ Las examined the oil, and considers it may 
be of value in perfumery. Its odour somcwliat recalls that of 
hay. Periilic aldehyde w^as described by Semmler and Zaar as 
dihydrocuininic aldcJiyde {Berichtc, 1911, 44, 52), but it is no^ 
known that the two bodies are identical. 

-^PERILLIC ALCOHOL. — See also ‘‘ Dihydrocuminic Ah 
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oohol ” This alcohol, of the formula i o]>t uiied by 

the reduction of periUic aldehjde, an aldehyde ociuiiiiig m the 
oil of Penlla nanhnemis It has the following oharacteis — 


8pecihc gravity 
Boihng point 
Refractive index 
Speciiie rotation 


0 <)(»<) it 20 

120 \it U mm 

1 499t) 

- 


PERILLIG ALDEHYDE,— See also ‘ Dihydrocnminic Alde- 
hyde ” —This body IS present in the (sseutnl oil of Penlla 
minltnen'i^is It has the foirnula CiqHj 40 , and has the following 
(luraeteis - 

% 


Sp((di( gravity 
Boiling pond 
R(fi<Ktn^c index 
Spcdlic rot I turn 


0 0017 It IS 
105° at 10 mm 

1 50710 
- H(/ 


It fields <111 oxime melting at 102 On leduetion with sodium, 
dihydiopeiillic acid i^'^^ults, and the methyl estei of 

this acid >i(lds <lihydrop(rjlhc akohol by iinth(r ndnition with 
sodium This is m (ul witli a rose odom ami having tin hallowing 
chaiactiTs 


>Sp(iili( grnit} 
Ihiiling point 
OplR.tl Kdation 
]l(tr u (n( ind( x 


0 92S4at 19 
115^ at 10 mm 
± 0 ° 

] 4M9 


PERSEA GRATISSIMA, OIL OF.- The baih of Perm 
qiaiisvma, \ tree indigenous to tiopical AmeiKa, b( longing 
to the natural older Lanreucce, fields about 3 to 4 per edit of 
essentia] oil of specific gravity about 0 970 <ind 0 })ii(a] rotation 
about “ 1 The oil contains ancthol and meihvl chavicol The 
leaver yield an (‘ssential oil which lias a marked odour of tarr igon 
It has the following chaiacteis . — 


bpecific gravitv 
Optical lot at ion 
Refidotive index 
Est(r number 

EsIct numbe r afti i acetylation 


0 955-0 962 
-f 2° to f r 

1 5120-1 5150 

2 4 
18-22 


The North American tree, Perm pi^hemns, known as swamp 
bay,” IS of intercit in that its leaves yield about 0*2 per cent of 
essential oil, which has been examined by Rabak (U S Dept of 
AgricMure, Bureau of Plant Industry Bulleltn^ 191 2 236, 29' 

m 



PERFv MEnr : 


found it to contain free butyric acid, and butyric, valerianic, and 
• Oinanthylic acids in the form of esters. Camphor, eucalyptol, 
and probably borneol, are also present. The oil has a specific 
gravity about 0*935 ; optical rotation, + 22° ; refractive index, 
1*5130 ; and ester value after acetylation, 18 to 22. 

PETITGRAIN OIL, — The oil known as petitgrain oil with- 
out furtlier qualification, is the oil distilled from the leaves and 
young shoots of the bitter orange tree, Citrus Bigaradia. The 
immature fruits are to a small extent unavoidably mixed with 
the leaves and twigs, but w here any quantity of them are present 
the oil is of poor quality, and the physical characters and odour 
are so altered that the oil cannot then be j^roperly described as 
pure petitgrain oil. At one time this oil was produced mainly in 
the south of France, w^here the finest oil is still distilled. A 
certain amount is distilled in Algeria, and a trifling amount in 
Spain. The French botanist Balanza went to Taraguay in 1873 
and introduced the distillation of the oil there. At first the 
quality w^as poor, but it gradually improved, and is to-day of 
excellent quality; and as in France the results of i)nining only 
are now distilled, whilst in Paraguay the wholes tree is usually 
cut down and the distillation material selected fi'om it, the 
Paraguay is often pnderred to the Fnncli oil. Naturally, the 
Paraguayan metliod leads to a gradual extinction of the plant, 
and the practice is now^ hving somewdiat niodifu d and controlled. 
Von Fiseher-Treuenfekl (“Paraguay in Wort und Bild,'’ Berlin, 
190G, p. 187) states that, “although wild orange groves are 
still numerous, they are, because of tlu* pernicious methods 
practised, remote from the inhabited places. The harvest is 
carried on all the year round, but principally from October to 
April. The leaves and young fruits arti distilled on the spot, the 
W'ood being used as fuel. Thus indolence and vandalism have led 
to the annihilation of the orange fruits. More recently the Govctu- 
nu‘nt has endeavoured to jjrevenl. the chopping dowm of the trees, 
and to regulate the harvesting by law. Hence the j)ric(‘ of the oil 
has risen, and it is more and more difficult to obtain tlic product.’’ 

There are thirty to forty distilleries at w'ork on this oil, and the 
production extends to 35,000 kg. or more annually wdien thci crop 
of distilling material is favourable. 

The quality of the oil exported is usually very good. This 
appears to be due to some extent to the fact that there is an 
expert attached to the collective purchasing bureau, w^ho exercises 
control, with regular analyses, over the oil offered for sale. 
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The distillation is earned out in snull fat tones of ver} simple 
constiuction, ^^hich aie situated near citeks Hovving thiough the. 
orange giovo Owing to a practically total absentee of an\ lapid 
methods of communication, it is impossible to (ontialisc the 
industiy The hut in which the distilLition takes place is coveied 
with palm leaves The appaiatiis consists of a boilei, a still, a 
condenser, and Florentine llasks for the collection of the oil. 
The boilcis are heated by wood lues, and the 3^ aic wo/ked at very 
low pjcssuie The stills are ])uinitive, somewhat lesemblmg the 
am])iilatoi3 stills used m the Alps by pexsant distillers. The 
distillation lasts lhiit3 siv houis, and about 0 3 to 0 4 j>er cent, 
of oil is obt niieci 

The woikIs aio timbci foi<*sts in which is an undeigiowth of 
sniallei tiees amongst which otaiige trees occui in patches 
TTuse patches aic toimcd mamhont^i In some jilaccs the bitlei 
oiaiige pic dominates, but in otheis theie is mi admivtuie with 
bwee t oringc tic< s xnd a vanct} known as assess^ 

The small distillers usually lec'eive advance s m goods, foodstuils, 
etc , at the commencement of the distilling season, and when the 
oil IS tcndcied to the buyer for the associated purchasers, any 
adulteiated parcel is at once lejected, so that effective control 
on the punt3 ot the oil exihis at the source 

Distillenc s have been erected and the industry is 111 progress 
in the islands ol the Parana, the river which in its iijipor course 
is called the Paraguay and lower down becomes the Pa t ina 
Tins Tuci rises 111 th(' })lateau of Matto Grosso, and the islands 
in (juesticm loim the delta of the river as it throws itself into the 
(stu«uy ol the ‘"River Plate’’ These islands enjoy a very 
teinpei ate chin itc and are the healtliic '^t part c)f the whole province 
of Buenos Aiic's Oianges, lemons, m«indarms, and many otiier 
finit t IOC'S tiouiish here, and the leaves and twigs of the orange 
aif being distilled French pctitgiam oil has the following 
chaiaclcis — 

Spe cifie gravity 0 889-0 8008 

Optical rotation — 1° to — H"’ 

Esters 50-70 per cent 

Eight pctitgiain oils distilled by Charabot and Pillct {Bull. 
Soc. CJmn , 1898, ui , 19, 853 , 1899, 21, 74) had the followmg 
characters — 

Specific gravity 0 891-0 8937 

Optical rotation — 4® 45' to — 0® 15' 

Esters 51 ‘S-OO'O per cenl ^ 
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Normal Paraguay petitgrain oil has the following characters 


Specific gravity . 
Optical rotation , 
Refractive index 
Esters 


0- 885--0-901 
- 3'^ to + 6^ 

1- 4590-1-4648 
35-60 per cent. 


Most oils arc soluble in 3 to 4 volumes of 70 pe/ cent, alcohol. 
If, however, more than a very small proportion of the small 
unripe fruits are present in the distillation material, the oil may 
have an optical rotation up to + 10"^, and may not be quite clearly 
soluble in 4 volumes of 70 per cent, alcohol, on account of the 
presence of terpenes. If an oil have a higher opticaj rotation than 
+ 11°, it should be regarded as containing an excessive amount 
of terpenes, due to the distillation of an excessive amount of the 
young oranges. 

A sample of petitgrain oil distilled in Jamaica was examined 
at the Imperial Institute {Evil. Imp, Insi., 1013, 11, 437) and 
found to have the following characters : — 


Sp('cific gravity 
Optical rotation 
Total alcohols 
Free alcohols 


0*8884 
-6° 45' 

87*25 per ccait. 
31*6 


Its high hevorotation, as in the case of some French oils, may 
be duo to the use of leaves only as the distillation material. 

The following characters are given by SSchimmel dc Co, for 
petitgrain oils of various origins : — 



Specific 

gravity. 

Optical 

rotation. 

Esters. 
Per cent 

Calabria 

0*8740 

+ 18° 

26*3 

Spain .... 

0-8849 

+ 8 ° 25' 

28-6 

Comoros 

0-8664 

+ 42“ 45' 

10*9 

Janiaica 

i 0-8846 

- 6° 30' 

28-7 

West Indies 

0-8531 

+ 43“ 36' 

2*1 

South America 

. 0-887 

+ 2“ 

36*6 

Syria .... 

0-8857 

i 

(M 

o 

7 

1 

27*1 


It is obvious that the Comoros and West Indian samples were 
in the main orange oil, and not entitled to the Uc^me petitgrain oil. 

Petitgrain oil contains traces of pyrrol and furfurol. It con- 
tains camphene, pinene, limonene, and dipentene. Linalol and. 
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geraniol, both free and in the form of esters, are prcvserit ns well 
as nero] and terpineoL Traces of methyl anthrauilatc are also, 
present. 

The following allied oils may here bo described. 

Two oils distilled in southern France from the leaves of the 
sweet orange* tree (‘' Petitgraiii Portugal ”) had the following 
characters : — 

Specific gravity . 0‘8C)02 . . 0*8584 

Oj)tical rotation . + 56*^ 46' . . + 5:^"^ 52' 

An Algerian oil was found to have a specific gravity 0*8705 ; 
optical rotation, -j 21° 33' ; and ester content, 21*6 per cent, 
(Jour, de Fhahn. ei de Chim., 1901), vi., 30, 484). This oil contains 
cam]>hene, limonciie, citrab geraniol, and probably lirialol. 

The oil distilled from tlie leaves, twigs and immature fruits of 
the lemon tree (Citrua limonnvi) is known as Petitgram cilronnicr. 
It has an odour resembling tliat of ordinary p(ititgrain, but also 
recalling that of lemon. It has the following characters : — 

Si)ecifi(’ gravity . . . 0*868--0*Bl)-l 

Optical rotation . , . + 14° to + 85° 

Ester number , . . 14-46 

Aldeh3alcs . ^ . . . 20'-30 j)er cent. 

The oil contains limonene, citral, and geraniol, and probably 
camphene and liiialol, 

Jeancard and Satie give the following figures for a sample 
examined by them : — 

Specific gravity 0*8768 

()])tieal rotation 4* 13^' 20' 

Esters . ... 12*25 per cent. 

Mandarin jietitgrain oil, distilled from the leaves of Citrus 
madurensls, is very variable in characters. A S])aiusli oil described 
by Scldni/}H.el Co, (Report^ October, 1902, 83) was of a yellow 
colour with a blue fluorescence. It had a specific gravity 1*0142 ; 
optical rotation, + 7° 56' ; and ester number, 216. Oils distilled 
in the south of France had the following characters : — 

1 . 2 . 

Specific gravity . . 1*005 . . 1*0643 

()[)tical rolatiop + 7° 19' +2° 20' 

Ester number 159 . . ziib 

Charabot (Couiptes Eendns, 1902, 135, 580) describes a sanjple 
which had an optical rotation + 40' and contained about 

50 per cent, of the methyl ester of metliyl'anthrunilic acid, ^ 
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Hesse (Chem. ZeiL, 1903, 2, 497) distilled 250 kilos of leaves in 
^ the south of France, and obtained 618 grams of ‘‘ light ” essential 
ofl which floated on the surface of the distillation water, and 169 
grams of heavy oil which sank to the bottom. The light oil had a 
specific gravity 0*993 ; optical rotation, + 5° 42' ; and contained 
. 65*7 per cent, of methyl methyl-anthranilate. Thejieavy oil had 
a specific gravity 1*033 ; optical rotation, -j- 3® 20' ; and con- 
tained 67*65 per cent, of methyl mcthyl-anthranilate. 

The oil distilled from the leaves of Citrus niedica (lime leaves) in 
Dominica was found by Schimmel Co. {Report, October, 1010, 
79) to have a specific gravity 0*8783 ; optical rotation, + 37'*^ 30' ; 
and ester numfier, 23. An oil from Montserrat examined at the 
Imperial Institute {Bull. Imj). Inst., 1913, 11, 436) was found 
to have similar characters. This oil contains dipentene, and 
possibly the ketone mctliyl-nonyl ketone. 

An oil distilled from the small immature orange fruits (about 
the size of green peas) has been examined by the writer, and found 
to have a specific gravity 0*852, and an optical rotation -f 75^^. 
It contains methyl anthrauilate and a pyrrol compound, besides 
a large quantity of terj)oiics. 

The writer has also examined an oil distilled from lime flowers 
{Chemist and Druggist, 1900, 56, 993)? 'Ibis oil had a spe'cific 
gravity 0*870, and optical rotation + 21^^ 30'. It contained 
linalol and methyl anthranilate. 

PHALEROCARPUS. — Phalcrocarpus serpylUfolia is a native 
of North America from Canada to Pennsylvania. It is known as 
the wild thyrne-leaved snowberry. It has tlie same odour and 
taste as the well-known wintergreeii, but is not distilled for oil, as 
ap])arently other plants, such as the sweet birch, are more 
economical for the purpose. 

PHELLANDRAL. — This body is an aldehyde of the formula 
CioHioD, found in the essential oil of water fennel. It is a liquid 
having an odour recalling that of oil of cummin. It has a specific 
gravity 0*9445 ; optical rotation, — 30^ 30' ; refractive index, 
1*4911 ; and boils at 89^ at 5 ram. It yields an oxime melting at 
87° to 88°, and a semicarbazone melting at 204° to 205°. 

PHENOLS, DETERMINATION OF*— The general method 
for the determination of phenols in essential oils is their absorption 
by means of a solution of caustic alkali, and measuring the 
unabsorbed portion of the oil. As in all absorption processes, 
th«* results are only approximate, as errors are introduced by 
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{aj the solufelity of tho non-phenols in the alkaline solution of tlio 
jphcnol, and {b) the retention of phenols in the non-phenolio 
/ residue. 

' It is difficult to lay down exact conditions which will give the 
. best results for all oils, as different oils may require differ*ent 
conditions for obtaining the most accurate results ; but in general, 
sufficiently accurate results may be obtained by repeatedly 
shaking 10 c,c. of the oil in a Hirschsohn flask, with about 100 c.c, 
of 5 per cent, solution of caustic soda, for about fifteen minutes 
on a water bath, and then filling the flask with th(^ solution and 
allowing it to stand for at least twelve hours before the un- 
absorbed residj.ie is read off in the neck of tho flask. (For critical 
experiments on these conditions, see P. dj E, 0. R., 1921, 384; 
1923, 138.) 

For special methods for determining particular phenols, etc., 
see ‘‘The Chemistry of Essential Oils, etc.*' (E. .1. Parry; 
vol. ii., p. 348). 

PHENYL ACETIC ACID. — This acid, of the formula 
C^jH^.CHg.COOH, is a crystalline body occurring in oil of neroli, 
and probably in otto of rose, melting at 7eF to 76*5''. It has a 
sw^cct odour recalling that of honey, and is very useful in the 
modification of many floral odours. It is prejmred by tho hydro- 
lysis of benzyl cyanide, either by acid or alkaline solutions, 
thus : — 

CeHB.CH^.CN + 2H2O - CoH 5 .CH,.COOH -f Nil,. 

Details of the process wilt be found under “Phenyl-ethyl 
Alcohol,” 

The acid itself is of considerable value in perfumery, but it also 
forms a number of esters which are of extreme value in tho 
preparation of floral odours. (See Isobutyl, Butyl, Methyl and 
Etliyl Phenylacctatcs.'’) 

PHENYL-ACETIC ALDEHYDE. ---This aldehyde, of the 
formula CgH^.CflgCHO, is one of the very important modern 
syntliotic perfumes. It is also known as orilio^io]uk aldeJiyde. 

It is the principal basis of artificial hyacinth and the allied ilower 
perfumes. It is a colourless oil, liable to polymerise, and thorefore 
best preserved in the form of a 5 or 10 per cent, solution in 
alcohol. It can be made by various methods, that of Erdmann 
being one of the pihicipal. 

The potassium or sodium salt of cinnamic acid, C^jHg.CTI =a 
CH.COOK. is treated with an alkaline solution of bromine, and 
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then there is added a weak acid, such as oxalic o/ boric ; this 


causes the unsaturated structure to combine with hypobromous 
acid — 


/ / /OH 

CeHs.C C— COOK + H-O-Br = CeHs— C C->^COOK, 

\H \H \H \H 


giving llu* potassium salt of phenyl-bromo-Iactic acid. 

On steam distillation tliis compound decomposes with the 
evolution oi eaibon dioxide and the production of potassium 
bromide and phenyl acetaldehyde — 

(^glls.CHBr.CHOHCOOK-CeHs.OH^.CHO + KBr 1 COg. 


The yield should be about 60 per cent on the weight of cinnamic 
acid used. 

As a inattcT of fact this reaction is not quite so simple as has 
been slated, and notable quantities of bromo styrol, C^H^.CIl •= 
CJlBr, are always obtained at the same time. The hyjiobroinouB 
acid can natiiMlly add itself on in another way, to give 

/Oil /Br 

CcH^ C O-COOH, 

\U \H 

end this also decomposes, yielding "arbon dioxide, water, and 
bromo styrol. 

Some workers have given a diffeicnt interpretation to this 
reaction , foi example, the siili of phenyl -bromo-laetic acid, 
C^^Hg.CHBr.ClIOIT.COOK, is considered to foini a lactone — 

CH -CHOH CH— CHOH 

I I -- 11+ KBr. 

BrlTOCO O C 0 


the beta lactone of phenyl -a lj)ha-oxy -propionic acid, and this 
lac‘tone loses carbon dioxide, being converted into phenyl 
acetaldehyde. 

It IS interesting to know that this lactone has actually been 
isolated, and melts at 83°-'84^. 

The method of carrying out this process is as follows * Cinnamic 
acid (150 parts) is (hssolvcd in 150 parts of water and 108 parts of 
50 per cent, solution of caustic potash. The mixture is evapo- 
rated to one-third its volume and cooled. There are then added 
1,500 parts of ice and 200 parts of crystallised boric acid. A 
solution of hypobromito of soda prepared with COO parts of 50 per 
cent, solution of caustic potash tree from carbonate and 220 parts 
bromine (care being taken to avoid rise in temperature) is then 
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added. Caustic soda solution is then added to saturate the free 
bromine. After several hours 010 parts of 50 per cent, caustic 
potash solution are added, and the mixture is allowed to stand for 
six hours, and the water evaporated. The residue is washed with 
alcohol, and the potassium salt of the acid (or the lactone) is 
dissolved in water and decomposed by means of sulphuric acid. 
The acid (or lactone) is distilled under reduced pressure, and the 
aldehyde distils over (carbon dioxide being evolved) at 75° to 80° 
in vacuo. 

Spatli (Monatshefle fur Chem., 1915, 36, 1) prepares bromacetal 
by the action of bromine on paraldehyde. Forty-five grams of 
paraldehyde (^[uite anhydrous), kept at - 5° to - 10°, are 
slowly mixed with 51 o.c. of bromine. The mixture first becomes 
crystalline, and then liqurfies. Whilst still kept cold, 200 c.c. of 
absolute alcohol are added, and the whole allowed to stand for a 
night. The separated oil is w'ashed with dilute caustic soda 
solution, and then with water. Bromacetal is then treated with 
sodium ethylate, when the following reaction takes place : — 

CH2Br.CH(O.C2H5)2 -f C^H^.O.Na 

Bioii) acetal Sodnim eiliyJate 

C2Hs.O.CH,.CH(O.C2H5)ij + NaBr 

» Ethoxyacclal 

By condensing ethoxyacetal with magnesium-brombenzeno, the 
acetal of plienylacetic aldehyde is produced, by replacement of 
the C2H5O group (wJiich is combined with CHg -- ) by Cglls 
This act^tal is hydi^olysed with the formation of etliyl alcohol and 
plieriy Face tic aldehyde, thus : — 


+ H2O = c,h,.ch2.oho f- 2C2H5OH. 


Phenyl -acetic aldehyde is also produced by heating the Viipours 
of phenyl -ethyl alcohol with copper dust at 250°, when hydrogen 
is evolved, and the aldehyde results. (Jommercial phenyl acetic 
aldehyde has the following charn^Jters : — 


Boiling point . 
Boiling point at 5 mm. 
Refractive index 
Specific gravity 


207°~209° 

75° 

1-5265-1 *5345 
1-050-1 -085 

A. G. 


PHENYL-AMYL ALCOHOL.— The higher hornologues of 
phenyl-ethyl alcdiol can, according to Braun (Berichle, 44, 2807), 
be prepared by the reduction of the nitriles of the formula 
X.CN to the bases X.CHg.NHg. The base is then benzoylated, a;fd 
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the benzoyl compouiicl heated with phosphorus ^ontachloride, 
, when chlorides of the formula XCHgCl are foimed These are 
duectly convertible into the coiresponding alcohols Phenyl- 
amyl alcohol, so prepare d, has a pleasant, lemon-like odour. It 
boils at 155° at 20 mm 

PIIENYL-BUTYL ALCOHOL.--Seo ‘‘Phenyl-amyl Al- 
cohol ” — This alcohol boils at 140° at 14 mm It has a rose-like 
odoui . 

PHENYL-ETHYL ALCOHOL.- This alcohol, of tl -fo niula 
(Vll^CH^t H/)H, IS a natutal constituent of otto of lose and 
of IK loll, (hampac \, and geianium On account of its \oiy 
high solubility it is dissolved to a \cry considci ibie extent; m the 
distillation walci'», and thus disappeais to a veij laige extent 
fi m the (sscntnl oils llumselves Tins fact accounts foi the 
dilkume lu odoui, for example, between otto of rose and rose 
concicte oi rose watf i The alcohol is to day in ulc on a considii 
able scale s\nilK tic ally, and is of the gieite,^t value m tlie manu- 
lactuic of aitilicul otto of losc iiid m tlie niodihcation of many 
flor*d ])cifuine^ Phcinl ctlixl dcoliol icquiies (onsidei iblc skill 
in mniufictiiu, and unJc->s vciv puu, docs not keep well The 
greatest ( ue sliouJd be e xeicise d in tlie^puich ise of this substance, 
as the commeieial aitielo yarjcs cnoimously in (jualit> When 
puie it li IS a ficsli sweet lose like odour Its phvsical chaiactcis 
aie IS follows — 

SjHdlie gnvit^ 1 024 

lb it u hv( index 1 ^>521 

Uoilunr point 220°~222® at 740 imn 

It yields d d]j)hen\l uie thane iiicJtmg at 99° to 100°, a phthalic 
acid estci melting at 1S8 to Jb0\ and a plunxl uietliam melting 
at 80 

It IS (xcfcdinglv soluble in watci, 1 volume dissolving in CO 
of water It is also very soluble in dilute alcohol — m 18 volumes 
of 30 ])ei cent and m 2 \f)lumcs of 50 per cent alcohol 

There aie two principal methods for the pioduction of this 
alcohol which may be dcsciibcd The former e>f these is the 
magncfeinm condensation of Grignard { ht7i Chein ct Pkys ^ 
1910, 10, 21) The magnesium comjiound of brombenzeiie is 
condensed with glycol monochlonde The reaction takes place 
as fedlows — 

One and a half molecular equivalents of biombenzene are 
aSbwed to react with one and a half equivalents of magnesium, 
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' md then a molecular equivalent of the monochloridc added. 
The reaction is brisk and takes place as follows 
CeH5.MgBr d- CHaClCH^OH - + CH2.CLGH,,O.MgBr. * 

The reaction mixture is cooled and transferr(;d to a distillation 
flask, heated on a water bath, and finally distilled. The reaction 
now takes place as follow's : — 

CH2CI.CHo.O.MgBr + C«H,MgBr - MgBrCl + CgH^.CH.. 

CHg.OMgBr. 

The product of distillation is poured into ice water, when tJio 
alcohol is formed — 

06H5.CH<.CH2.0MgBr + H^O - C.Hg.CHa.ClL.OH + 

MgBrOIl. 

The second ])rincipal method for the jweparation of tins alcohol 
is by a reduction })roccss. Benzyl chloride is allowed to react 
with sodium cyanide in the presence of alcohol. The resulting 
benzyl cyanide is li^^drolysed by a solution of caustic soda (or by 
dilute sulphuric acid), w'liich results in tlie fornuition of plienyb 
acetic acid— 

CeHg.CHg.CN -f 2II2O -- (yi5.CH2.COOH I- NH^, 

Tlio phenyl-acetic acid is then esterified with amyl, ethyl, or 
methyl alcohol, and the ester formed is reduced with sodium and 
alcohol — 

C5H5.CH0.COOR + 4 H - CeH^.CHo.CHoOII f R.OH. 

The following detaik'd account of its manufacture' is due to 
Lcwinsoiin (P. E. 0. E., 192.*1, 330) :™ 

Fiv(‘ (>p( ‘ratio ns are involved — 

(1) JVepaj’ation of bi'iizyl cyanide. 

(2) Hydrolysis to phenylacetic acid. 

(3) Esterification of the acid. 

(4) Preparation of 100 per cent, absolute alcoljol. 

(5) Reduction of phenylacetic ester. 

(1) Benzyl Cyanide, — 8ix kilograms of potassium cyanide are 
dissolved in water in an enamelled stirring vessel fitt(‘d with re flux 
condenscT. There is then added slowdy a solution of 10 kg. of 
benzyl chloride in an equal weight of alcohol. When all has been 
added, the mixture is heated for iliix;e to four hours at the boil. 
The liquid separates into tw'o layers ; the upper one, reddish- 
brown, contains the benzyl cyanide ; the lower aqueous layer 
the alcohol and potassium chloride (wdiich is prcci])itaied as a 
erust on the walls of the vessel on cooling). > 
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The J^rowii oily layer is washed several times water and 
then distilled at ordinary pressure Traces of alcohol first come 
over, and the lemperaturc then rises quickly to 195'^. The 
residual liquor is now cooled somewhat and the benzyl cyanide 
distilled off vacuo without fractionation. The crude benzyl 
cyanide so obtained is used for the next o]>oratioii 

(2) Phevylaceiic Acid — ^In a silica basin of about 35 cm. 
diameter a mixture of 2*5 kg of benzyl cyanide and 7*5 kg. of 
70 pci cent siilplmric acid is warmed until a few bulibles of gas 
appear. The heating is at once stopped, since a very vigorous 
reaction now ensuivs. As the vapours (‘\olved are injurious to 
health, the basin is covered, when the reaction Jiegins, with a 
sliding cover, from which the vapours can be led into water. As 
soon as the reaction ceases, the product is poured upon crushed 
icc in a large earthenware vessel Crude phcnylaeelic acid, con- 
taminated on the surface with iihen^laeetamide, is precipitated 
on cooling. In order to leniove the amide, the lu id is dissohcd in 
lukewarm dilute soda solution The aimdi itmains muiissoI\fd, 
and can bo filtered off, wliile the p1ieii\la(etie acid gees into 
solution as sodium salt, and is tepiecijaiatc d m a siifikuntl} iniri' 
state hy the addition of ddute mineral acid After clijing it is 
ready lor esterification 

PIienylaeetK* acid, as well as its ester, is used for the pu‘pardtion 
of honey aroma. For this purpose a Jurtlier ])unficaliori is 
necessary The acid is dissolv(‘d in five times its waiglit of boiling 
watc^r, filtered liot, and allowed to cool Phim^laretK aenl 
separates out iii an absolutely puie state in the foim ol flake's 
with a motlier ol-pearl lustre After filtering and drying, it 
possesses a pleasant lione^y scent 

(3) Phcnylacciic Ethyl Ester -The usual method of c'stcrifica- 
tion IS empluye'd. A mixtuie vi 10 kg of plicnylae etic acid, 10 kg 
of 90 per cenit. ethyl alcohol, and 0*5 kg of eonc'entrati'd sulphuric 
acid (60® B^\) is boiled for three hours in an enamelled vessel fitted 
with good ic'flux condtMiser Two-thirds of the alcoliol is then 
distilled off, and the residue poured into cold water. 1'he oily 
layer of phenylacctic estc^r is seiiarated, washed with water, 
sodium carbonate solution, and again wiili w^ater, and finally 
distilled in vacuum. The pure ester bods at 91® to 92® at 3 mm. 

(4) Preparation of 100 per cent Aholiol — We come now to the 
most important operation of the whole process, namely, the 
preparation of a truly absolute alcohol. The so-called absolute 
alcohol of commerce is never 100 per cent , but at most 99‘5 per 
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cent. Although tl>o anuniid of water present is so >■ matt, 
sufficient, in the presence of the sodium, to hydrolyse the plu^nyl- 
acetic ester l)efore reduction takes place. Jt is iiooessai'} , 1 lu‘i < h )ro^ 
to remove this | per cent, of water from the alculiol. Witliout 
detailing the ratlier complicated arrangements by which the 
transference of the alcohol from vessel to vessel without coming 
into contact with the air is achieved, wo shall limit ourselves to a 
description of the preparation. 

Thirty kilograms of commercial “ absolute alcohol ” are ri'fluxed 
for one hour in an iron vessel with 0*300 kg. of eakium turnings. 
At the end of this time 3 kg. (the first runnings ’’) are very 
carefully distilled off. The next 24 kg. form the ‘‘ main distillate,” 
and there remain about 3 kg. of “last runningsf* 'v\liic}i are also 
distilled, and can be added to the next batch. The “main 
distillate ” is run into a dry container, from which it is returned 
to the distilling vessel after the latter has been emptied of the 
lime sludge and thoroughly cleaned. Jbn-c it is treated with a 
further 0*240 kg. of calcium turnings and the distillation repeated. 
After 2*5 kg of “ first runuingt) ” have been eolleeted, the “ main 
distillate,” this time 18*5 kg., is run directly into the reduction 
vessel, in which the air has previously been displaced by hydrogen. 
The “ last runnings,” as be^ire, are added to the next batch. The 
specific gravity of the alcohol, which is measured l)y m(‘ans of a 
speei<d arrange ‘meut during th(‘ distillation, without bringing tlie 
alcohol into eontaet with the air, must fall from 0*7075 at 15® to 
0*7044 at 15’ liefore the alcohol is allowed to (‘uter the reduction 
vessel. 

(5) Beducflon of Phenylacctic Ester, —The reduction is (*arricd 
out in a ea])acions iron vesbcl with a good r(*nux eoiKhaiser, and 
fitted with a cover in which is a hole which can b(‘ (pii(*kly opened 
or closed by means of a suitabli' arrangement. To the 1S*.5 kg. of 
spi'cial absolute alcohol eolleeted in this vessel are added 3 kg. 
of pheii^ iacetic ester, and then 0*20 kg. of calcium turnings. The 
vessel is now IieatiHl to 135® by passing superheated steam t lirougli 
the jack(3t. At this temperature is begun the addition of 3*5 kg. 
of metallic sodium. This is added in lots of 500 grains, tlie opening 
being rapidly opened and as rapidly closed for each addition. The 
heating is then continued until there is no further e volution of 
hydrogen and all the sodium is dissolved. 

In order to destroy the sodium ethylate and pheiiylethylate, 
5 kg. of 50 per cent, alcohol are now slowly run in, the wat(T so 
supplied being sufficient to convert all the sodium present into 
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PHENYL-HEXYL ALCOHOL.— See “ Phen^-amyl Al- 
cohol.”— This alcohol boUs at 100° to lor at 13 mm. It has an ? 
ddour recalling lemon and roses. 

PHENYL-PROPYL ACETATE.— This ester is prepared by 
the acetylation of phenyl-propyl alcohol, and is an ester of sweet 
rose odour. It is probalily present in cassia oil. 

PHENYL - PROPYL ALCOHOL. — This homologuo of 
phenyl-ethy] alcohol, of the formula C(Jl5.CH2.CH2-CH2.0H, is 
also known as hydrocinnamyl alcohol. It is present in storax 
as its cinnamic acid ester, and in cassia oil in the form of its 
acetic ester. It may be prepared artificially by the reduction of 
cinnamyl alcoliol with sodium amalgam and wiitor, or by the 
reduction of the acetic ester of either einnamyl or benzyl alcohol 
with sodium and absolute alcohol. It lias a specific gravity 
1*007, refractive index 1*5260, and boils at 255°. It forms a 
phonyl-urethane moiling at 47° to 48°. It is a colourless, viscous 
oil having a sweet odour of hyacinth and mignonette. It is 
used in the preparation of artificial liyaciiith, joiKpiil, narcissus, 
mignonette*, and similar odours. Tiiero a]‘c several i>somers of 
this alcohol which Jiave fragrant floral odours, but winch are not, 
so far, eonimerciaJ urtich's. TJusse are: b(*iizyl-mctliyl earbinol, 
C(;H^.C^Il2.(dl(()H)('H3, boiling at 2]V)'; phonyl-ethvl carlnnol, 
C„1f,.(dl(OII)(1l2.(1l;j, boiling at 221°; and benzyl-dimethyl 
earbinol, (V,H5.('(OH)(Cfl3)2, melting at 21° and boiling at 22''*° 

PHENYL-PROPYL ALDEHYDE.— This aldehyde is slatec^ 
to be present in oil of cinnamon bark. It is a colourless oil, of the/ 
formula ('<.H5.0H2.Cll2.('ll(>, having an odour of hyacinth, and 
is useful in the ])reparation of artificial hyacinth or lilac perfumes, 

It is more stable than phenyl -acetic aldehyde, and is prepared 
by the same gcmeral methods as that body. 

PHENYL-PROPYL CINNAMATE.— This ester occurs 
naturally in storax, and has a heavy, balsamic perfume. It is a 
very useful fixative. 

PHEROSPHiERA FITZGERALDI, OIL OF.— According 
to llakor and Smith The Pines of Australia/' 412), the leaves of 
this })lant, which grows freely in New South Wales, yield an 
essential oil which consists mainly of terpenes, but also contains 
a small quantity of esters. 

PHLORACETOPHENONE - DIMETHYL ETHER.— Thi« 
substance is an ether, of the formula CioHi204- It is present 
SiXQ oil of Blumea balsamifera. It is a colourless crystallim 
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compound ^pelting at 82° to 83°, and yields an oxime melting at 
108° to 110°. 

PHOBEROS COCmNCmNEmiS.—Roure^Bcrlravd FUs 
(Bulletin, April, 1914, 7) have examined the essential oil distilled 
from the leaves and stalks of this tree, belonging to the natural 
order Flacourfiaced?, which is found growing wild in Annani. 
The oil has a distinct orange odour, and has the following 
characters : — 


!Sj)ecific gravity 

. 0*904 

Optical rotation 

. d .3° 

Acid value .... 

2*5 

Ester value 

. 5M 

Ester value alter acetylation 

. 127*9 


PIIYLLANTHUS COCHINCHINENSIS.~^Sec ‘ Hruycrc 
d’Annam.” 

PILOCARPUS LEAF OIL.— The leaves of Pilocarpus 
Jaborandi yield about 5 per cent, of essential oil which contains 
tiio odorous ketone methyl-nonyl ketone. It has a specific 
gravity 0*805 to 0*895, and is slightly dextrorotatory. 

PIMENTO.— r/t/6 “Allspice." 

PINE-NEEDLE OILS. — The term “ Pine-needle oil ’’ is a 
somt'what elastic one, as it includes, from a scientific jioint of 
view, an enormous number of essential oils distilled from the 
leaves of various species of Pinas, Larix, and Abies. From the 
perfumer’s point of view the only oils of any value are those 
containing a substantial x)ercentage of esteis (bornyl acetate). Of 
these the most important is the oil of Abies Bibiricu, which is 
produced principally in north-east Russia, especially in the 
Wjatk<i district. This oil has a very fragrant odour of the “ ])ino 
forest," and is used to a considerable extent in cheap perluinery, 
es])(^cially in the manufacture of bath crystals, theatre sprays, and 
similar i)opular productions. It has the following characters : — 

Specific gravity . . . 0*900-0*928 

Optical rotation . . . — .30 'to — 4.5° 

Refiactive index . , . 1*4700-1*4740 

Esters, as liornyi acetate . . 29-45 per c(*nt. 

The oil contairi^ terpenes, a sesquiterpene, bornyl acetate, and 
small quantities of terpinyl esters. 

The leaves of the Douglas fir yield an aromatic essential ^1, 
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-which has been examined by C. T. Bennett. The oil has also been 
, examined by Brand el and Sweet, and by Schorger, but as there 
two trees known by tJiis name, and the botanical source of 
the material examined by Bennett appears to be authentic, his 
Results may be acee])ted with eonlidence. Pse.udotsuga taxifolia is 
the so-called Douglas fir growing in Oregon, whilst the blue 
Douglas fir of (V)lorado is Pinas glaura. Bennett has examined 
both oils, (lih1ill(‘(l from niatorial grown in England, and reported 
on them as follows : — ■ 

Oil from Leaves of ihe Oregon DoaglasFir.— O) Fifty pounds 
of leaves of young trees growing at Avondale, sent in August, 
1911). When distilled, loss than 0-01 per cent, of an oil wdth 
a very aromatic odour was obtained— a quantity too small for 
examination. 

(2) Fifty pounds of leaves of old trees growing at Buckhold, 
Berks, sent in Noveml)er, 1919, wdien distilled yielded 0-1 1 per 
cent, of oil haviiig the following characters : — 


S|)C(*ific gravity . 
()))tiea] ndalion . 
Itefraelive index . 
Eshi's as hornyl a(ctat(» 


0-K7(i 

- 7 ^ 


i-isiir) 

12* t p( r ( ent . 


Tiie ester content is much lower than that of tla^ (Worado 
Douglas fir oil, but tlie odour is more fragrant. The oil contains 
dipentene or limonene, hut if janene is present, the quantity is 
very small, ns practically nothing distils l)olow’ 17t)^.* 

(9) A f('W days later anotlier 50 Ih. of leaves from tin* Oregon 
Douglas fir from Buckhold were distilled, and enough oil was 
then available for further investigation. On fractionating the 
oik an apx>n‘ciahle quantity of g<*raniol was s(q)aratod, and this 
appears to be the chii'f odorous constituent. The proportion of 
total alcohols hy acetylation calculated as geraimd is 31-5 per cent. 
The presen(‘<' of hornyl a(*(date somewhat masks the odour of 
geraniol in the original oik Then* is also a small trace of citral, 
but tile ])r(q)ortion is too small for determination, (ieraniol occurs 
in lire oils of some species of Callitris in Australia, but has, 
apx)ar(*ntly, not Ikhui recorded as a consiitucmt of the oils distilled 
from other conifers. Geraniol is the chief constitiu'iit of Indian 
j)almarosa oil obtaint'd from tiro fragrant grass Cymbopogon 
Marlbii {Amlropogon Rclicemnthm), and occurs in eitronella oil, 
otto of roses, lemon oil, etc. 

Oil from the Leaves of ihe Colorado Douglas Fir . — Fifty pounds 
ofrleaves of moderate sized trees, growing at East Liss, Hants, sent 
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in October, 1019, yielded on distillation 0*31 per cent, of oil 
having the following characters : — 


S])(*c'ific gravity . 
Optical rotation . 
Refractive index . 
Esters a>s bornyl acetate 


0*005 
^ 4(i® 

1*4717 

34*5 per cent. 


The terpones consist principally of pinene. The odour is cJnefly 
due to the bornyl acetate ])resent. It would a])pear from these 
analyses that the strong odour of Colorado Douglas tir, wliich 
is like that of turpentine mixed with camjjlior, is due to tlie large 
percentage of pinene and bornyl acetate. In the Oregim Douglas 
fir ])hiene is iiot present, and the bornyl acetate is much less in 
pfM'centage. The peculiar fragrance* is eliielly diu* to tlie ])i‘est‘nce 
of the highly odoriferous substance geraniol, slightly modified by 
tlu' small amount of bornyl acetate present. 

For numerous other pine-needle oils, mostly containing only 
a small percentage of bornyl acetate, reference may be made to 
the “Chemistry of Essential Oils and Artificial Peifumes,’’- 
4fii ed., vol. i. (Scott, (h'oenwood & Co.). 


PINOGARVEOL. — This substance is an alcohol of the 
foi'inula C,()H|eO. It existi^ in oil of Eucabjptus (/lohulus, and can 
be pj'opared artificially by treating pinylamine nitrate with 
sodium nitrite. The yellowish oil which separates is distilled 
with steam, and basic compounds Jire removed from the distillate 
by shaking with a solution of oxalic acid. The oil is then redis- 
tilled with steam, and the pure alcoliol results. It is an aroniratic 
oil, with an odour somewhat resembling pine oil, and having the 
following characters : — 


foiling point 
Sp(‘cific gravity . 
Refractive index . 
Specific rotation . 


215^-218" 
0*978 
1*4003 
^ 52" 45' 


Tt forms tw^o isomeric phenyl -urethanes melting at 82' iu 84° 
and 94° to 95° respectiv(*ly. 


PINOGLYCYL ESTERS.— The alcohol pinoglyeol CjoUjoO 
( 0 H )2 can be esterified, and yields esters with a marked fruity 
odour. Of these, the acetate CiolIi60(C2H302)2, melting at 97° to 
98°, and the propionate Ci()Hi60(C3H502)2 a^ro the best known. 

PINENOL. — ^According to Genvrosse [Gompies Rendus, 130, 
918), pinenol is a compound of the formula CioHjgOH, whicK 
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results from the aetion of nitrous fumes on ice-cold^ pinene. It 

Jias the following characters : — 

Boiling point ^25^ at 740 mm. 

iSpocific gravity 0-9952 at 0 

Rofraclive index 1*4970 ^ 

8 ])eeifio rotation —•14*60 

It forms an acetic ester C 10 H 15 .OOC.CH 3 which boils at 150 
at a j.ressun! of 40 mm. This ester, pinenyl acetate, has a marked 
odour of lavender. 

PINENYL ACETATE —See “ Pinenol.” 


PIPERITONE. — This highly interesting ketone has recently 
been the subject of a good deal of research, as, apart from its 
intrinsic interest, it presents eonsiderable economic possibility in 
reference to the artiticial preparation of both thymol and menthol. 
According io Baker and Smith (“ Tlie Eucalypts and their 
Essential Oils,'’ 2 nd ed., p. 300) this imsaturated aromatic ketone 
is more generally distributed in the oils of eucalypts growing in 
the eastern and south-easlcnj jxution of Australia and in 
Tasmania, where; the members of the whole grou]) are known 
vernacularly as “ l’e])l)crmints.” 

This j) 0 ))permint odour was noticed by the first white settlers 
in Au.stralia in 1788, and oil was di.stifled by them at that time 
from the leaves of EumlypUhs 'piperita, a tree somewhat exten- 
sively distributed around Sydney, the coastal j'anges, and coastal 
districts of New South Wales and Victoria, it is thus worthy of 
notice that both the vernacular name “ pcfjpermint ” and the 
scientific name Euenlyptm piperita were given to this tree on 
account of the pre.sence of this peppemint constituent in the oil ; 
in fact, chemical constituents were often a guiding factor in the 

early naming of eucalypts. ^ 

On the mountain ranges in Now South W’^ales and \ictoria, as 
well as hi Tasmania, the members of the “ peppermint ” group of 
eucalypts form a largo proportion of the natural vegetation, and 
are distributed over hundreds of square miles of country . 

It is now recognised that all the principal constituents found in 
cucalyptu.s oils increase in amount through a range of species until 
a maximum is reached in one or more of them. Piperitone follows 
this rule, and Eucalyptus dives, a “ broad-leaved peppermint,” 
appears to be the species in which it reaches a maximum content. 
This eucalypt is one of the most plentiful of ali the members of 
the “ peppermint ” group, and also gives a good yield of oil, 
' »v,'eraging from 3 to 4 per cent., according to the time of year, the 

614 



'PERFUMER Y 

\'Ai 

care taken in collecting, and on the duration of the primary 
distillation, and if this be somewhat extended, say from six to 
eight hours, the oil will often contain as much as from 40 to ftO* 
per cent, of pijjeritoiie. It is thus evident that this ketone could 
bo produced in great quantity, and at a cheap rate. The re- 
mainder of the oil of JtJ. dives consists largely of phellandrene, 
and is employed in the mining industry for notation work, as well 
as for other economic purposes. 

Piperitone is the only ketone found in eucalyjjtus oil, and 
appears to occur only in the oils of species occu{)ying the more 
recent end of the genus, and is not found in the oil of any 
member of the groups ocoui)ying the anterior position in the 
evolutionary se(j[uenco of the genus. 

Althougli ])ipt^ritone is usually found occurring with phollan- 
drone, yet, in the case of E, apiculaia^ this terpene was not 
detc(itcd ; and altogether the oil of this spetaes was of such a 
cliaractca* as not to be readily placed in any of the well-defined 
groups. 

In tlie oils of most s])eeies pii)eritone is found associated with 
the corresponding la3Vorotatory secondary alcohol piperitol, and 
Bakei- and Hmitli iiave isolated this alcoliol from the oil of E. 
Tddiafa, when^ it oc(an\s a^ a- w<‘Il-d (‘fined constitu(‘nt. 

Under natural conditions piperitone is lawr)rotat( 3 ry, but 
n^adily forms the racctnic modification when heated alxjve its 
])oiling poinit, iii the process of se])aration by direct distillation of 
tlio original oil. This alteration appears to be brought about 
largely li)y the iiifiueneo of the acid from the esters, under tlio 
conditions statcHl, because the pure ketone undergo(^s little altera- 
tion wlioii (ILstilled <Urectly, but if gc^ranyl -acetate bo first iulded 
thf^ alteration in rotation is considerable. 

It due to this tendency to racemisaiion that in the original 
pa[)er in whiidi the ketone was described, it was shown to bei 
inactive, as it had been first obtained in the crude condition by 
direct distillation of the original oil. If, however, the first separa- 
tion be carried out under greatly reduced pressure*, the hevo- 
rotatory form can be separated and prepared in a pure condition 
by the aid of sodium bisulphite. This compound of piperitone is 
very soluble in aqueous solution, but after the la})sc of several days 
the saturated liquid forms a crystalline mass from which pure 
piperitone can bg recovered, although there is often a considerable 
reduction in rotation. Piperitone can also bo removed by the 
aid of the neutral sodium sulphite. 
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Piporitono has consideiable ])rospe(tno economic value, m that 
it forms thjmol by ticitmcnt Iciiic clilorufo , mactive 

*i»ciilhone hy reduction, when a nidvcl calalyst is employed , and 
inactive menthol by the leduciion of tiie menthono vith sodium 
in an aqueous etlier solution ( 1 Ik sc icac tions weie first described 
byH (j Smith and A R Pc nf old in a paper lead bcfoie the Royal 
Socic'ty of New Soutli WaJc June, 1920 ) 

As pijHiiloiie can be obt lined in \ei> large quantity, the pio- 
duction of one oi moic of tlnse su]>slanccs from this ketone on 
a m uiuf i< tilling seak stems most piornising, and should be 
piohlibk when the best conditions foi commercial purposes shall 
h I VC be ( u workc d out 

Ihpcutone being an unsaturated ketone with one*double bond, 
it follows, fjom llie above, tint it must be a menthenone with 
the (aibon\l group in the 3 position Tins is proved by the 
formation of tliviru)! <ind memthone Wlien ])ipciitone oAichsed 
in the cold with potissnnn pcimanginitc in alk ihno solution, 
3sobut>ii( acid is emc of the pioduc ts of oxidation, and it doe s not 
seem ]K)^siblo to cntiielv pic \ cut the torm ition of tins acid at uiy 
Stage of tlic process c\en when the tempciatuie is kc])t down by 
the addition of kc and the tJieoielic il amount of ])umanganato 
emp]o\cd Piom the naeU formatK^ii of isobutviic acid it 
might be sujiposcd that the double bond w is m the 4 position, 
but so f u the coius 2 >onding fl metliylglutane aciel has not bc'en 
prepued , 

Wallieli lud Meistcr ( l??«cdc/i 190S 362, 2G1) ha\o, liowexei, 
fehown lint A 4 me nthememe 3 lioilcd .it 212 to 21 S'", but 
Auwcis (JJo/iHi 1908 41, 3 801 and 1909 42, 240S) doubts the 
coiicctuess of tins stitemeiit, although Wallaeh {(licm Zivir , 
19J2 11, 922 92J) continued his eiiigiim] dc teimmation Ihe 
question wlicthci pipe rit one is A-4 menthenone 3 or A 1 memthe 
none 3, leuiiams at piescni unsettled, and the foirnation of 
menthone and menthol does not assist m deciehng the position of 
the double bond 

Pjperitone has a peppermint odour and taste lesembling 
pukgone v(n^\ closely m these lespects It is colouilesb when puie, 
but becomes yellowish with age It reduecb an alkaline solution 
of biher nitrate, and reproduces the red colour with Scliiff^s 
reagent 

Two methods nre available for the separation of pipontone for 
works practice, both of winch give good results, viz — 

(1) (c7) The ciude oil is subjected to distillation in a pot still, and 
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the portion boiling below 220® at atmospheric pressure (principally 
phcnandrono) or 100® at 10 mm. is collected s(‘parately. 

The piperitone which has a boiling point of 229® to 230® at* 
760 mm. (or lOG® to 108® at 10 mm.) will be obtained in the 
second fraction distilling between 221®"to 230® at atmospheric 
pressure or 100° to 1 12° at 10 mm. 

If reduced pressure is not available, and as a temperature of 
221° to 236° is rather high for p^t-still distillation, decomposition 
being rather difficult to avoid, the following alternative ])roccdure 
may be h)llowed, viz. 

(b) After removal of the phcllandrene fraction, the residue may 
be subjected to fractional st('am distillation, the piperitone thus 
becoming concentrated in an intermediate fraction, the process 
being controlled by means of the refractometer. 

(2) Instead of direct distillation, provided the oil is rich in 
])ipcritono (not less than 48 per cent.), the phcllandrene can be 
removed by means of a rapid current of steam. After its removal, 
the ketone can be obtained from the residue by either the (a) or 
{b) procedure of method No, (1). 

Commercial jhperitonc thus prepared contains usually about 
00 per cent, actual ketone, and is sufficiently jmre for conversion 
into thymol. « 

If the oil has been subjected to distillation at atmosphei^c 
pressure, the ketone is very slightly active, usually about — 0*4° 
to — 1°, biil^if separated by means of fractional steam distillation 
throughout, the optical activity is about — 43° to- — 46°. 

KShould the ketone be retpiired of a greater degree of purity, 
say, about 05 j^cr cent., it can bo readily obtained by fractional 
distillation. To prepare it of about 99 per cent, luirity, use is 
made of its property, in common with many other lactones, of 
reacting with either sodium bisulphite or sodium suljdiite 
solutions. 

Two laboratory methods of preparation are available : — 

(1) Four hundred cubic centimetres 30 per cent, sodium 
bisulphite solution (pure), 280 c.c. 90 per cent, piperitone, 80 c.c. 
special methylated spirit (5 j)er cent, wood naphtha) arc mi.vcd 
in the order given and shaken, at constant intervals only, for 
about three to seven days until combination is practically com- 
plete. The aqueous solution is separated at once (if 3,llowcd to 
stand, the bisulghite compound crystallises out) from the un- 
absorbed oil, and on treatment with a 20 to 25 per cent, solution 
of caustic soda the ketone is liberated, which, after washing to 
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ficc it fiom alkali, may be puiibed by citliei stc^m or direct 
distillation 

*(2) Thieo hundred (u))k c(ntirn<irc^ 00 per cent ketone are 
shaken with a litu of 35 ptr cent solution of crjstalhsid sodium 
fculphiU , using ]i}i< Tiol])lithaknj as an indicaloi the hberaUd 
alkali being juutralised from tinu to time with 1 3 sulphuiic 

acid solutKiii WlunllK uaetion is conijikted and aflci icmoval 
ol unihsoib(<l oil, t]»< ketone is legeneiattd b}^ addition of 20 
pci ((lit causta soda solution 

Pipditonc has the following (hai<ietc'is — 


iiujling point 


SpciiGc gia\it\ 

()]>li( al rot ition 
Jb fi \( ti v( indc X 
Oxime 

Ox innno oxmit 
SdUK ii])i/oiH a 

, // 1 u( niK 

r>( n/\hd( IK (k ri\ di\i 
Iks niho-o (k j i\ itn c 


220 ^230° at 7()0 mni 
(uncoi K ettd) 

235^ ((oiudc^d) 

1()(>-10S at 10 mm 
0 0 US it 20 

0 010^ \i 15 

V u 1 d)k 0 t to — 50 : 

1 tSl7 it 20 
Melting point 117 1 is 

100 170 
225 220 
175 J70 

IS^ ISO 
• 01 

00^ 07^ 


3 he following arc tlie lediution and oxid.ition leaclion^ — 
Puiduds oj Ridudion \^lth odinm m a(ju(?lus (tlifi 
menthol, togctlui with a junaioiu and usmous pioducts 

VVitli sodium amalgnn m alcoholu soliitK)n~a pm k one 
(dimolcculai ketone) melting point 112 to 140 
With hxdiogon m pusemt of nickil— nu nlliniK 
Pfodud^ of Ondation — With feme chloiide in acetic acid solu- 
tion thymol 

With potassium jKimanganate solutions -'diosjihenol, a h> 
du)\\ a nutlnl a isopiojivl adipic acid a iso piop^l } acit^l 
butMic acid and a isopiop^I glutaiie acid 

It possesses the stnictuie of a A' incntlKnonc 3 
Pc ntold (2bc//c//?^ No 1 1021 Ic i Imologii al Fducalion Ihaiu h, 
Technological Museum S>dne\) gnes tlio following methods for 
the cktecti^rt and determination ol jnpcritone 

The foimation of the bimoleculai ketone, (20^340^, hy the 
proceduic about to be desciibed, enables pipciitoiie to be detected 
mice of oil ccmtaiiiing but 10 pei cent of ketone One cubic 
Cjfpisitinietre of E dives oil m miiced with 1 e c alcohol (special 
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methylated spuit) and 4 c c ethei, and 1 giam 3 j)ci cent sodium 
amalgam added If pipentone is present, \ i eddish bioMii 
coloration is iinmediatel} produced, and at the end of al)oat k?a 
Bimutcb a copious white ci>stalline pieeipitatc soparites In 
the absence of ether, the icaction requires several houis’ standing 
for completion If it is dcsiitd to isolate this pm none, it can 
be filtoicd, washed with ethei clued, ciystalhsed fiom absolute 
alcohol (boiling), and its melting point deteimined It medts 
somc^what indefinite ly, and \arjably It tween 142° and 14b 

P( nfold has been succ'cssful in sepaiati ig this bod\ , by fiai tional 
piecipitation fiom chlorc^form solution into two bodits, me 1 ting 
at 135° to 13b and 100° to 107° 

The BurgChS nu'thod foi the estimation of aldch^cUs and 
ketones gives excellent ic^sults with the oil of E divcs^ and has 
be (11 m use by PdifoJd foi the past four \(ais Five cubic 
centime tr(^s of the oil aic pqietted into a cassia tlask of aliout 
150 ec ca])uitv vith a lu'ck giaduatcMl, 5 c c. in one tenths, 
<i solution of crystallised sodium sulphite added (made by 
dissolving 350 grams of the crystallised salt plus 1,000 c e vatcr 
togcHheu) to hll about two thuds of the llask, ] < c pin nol])htlialem 
mdieatoi added, and the flask and conteuits heated lu \ uqorou^ly 
Imhnq water bath witl# constant agitation of contents The 
hbcialed a]k<di is nciitiaJiscd liom time to tiiiK bv meins of 
10 pci cent acetic acid holutioii until reaction is complete The 
volume IS f;raclu<illy made up with the sulplntt solution and 
hncdi> the unabsoibed oil is foiced up into the lU ck of tlie flask 
and wJien cold the volume is ic ad off Ihc cJjfli ic nee in volume 
betwe^en the unabsotbccl oil and 5 c c (origin il volume taken) 
lejnesdits the amount of pqieritone piesdit in that volume, 
winch on mult iphc i turn b> 20 gnew tire percentage ])ics(nt 
Oven fifty dc'terminatioiis made on oils distilled light out liave 
given lesults aveiaging betwe^en 40 and 50 pd cent ketone 

Givaudm (P d E 0 R , 1921, 80) drew attention to the 
similarity of pipeiitone witli certain othei ketones (all of which 
weic diBcovcrcd later than pipcntonc), and considered these 
bodies to be all identical iVnfold {P <£’ E 0 R , 1922 19) agioes 
with these suggestions naraelv, that piper done is identical with 
the following compounds — ^ 

(1) A' Menthenonc-3 piepaied synthetieally by Wallaeh 
{Annnlev, 1908^362, 271) 

(2) The ketone found occurring in Japanese peppermint oil, 
identical with (1) {J^chimniel da Co , Report, October, 1910, 97)^ 
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(3) The ketone found in camphor oil, identical whji (1) (Gilde- 
meister and Hoffmann, 2nd Cilerman ed., p. 482). 

^ (4) A'-Menthenono-3 found in theoil of Gymhopogon fiennaarensis 
(Roberts, Jour. Chem. *Voc., 1015, 107, 1405). 

The name pj})eritone takes ])riority for this ketone, A'-menthe- 
ilone-3, as it Avas tirst discovered by H. G. 8mith, F.C.S., in 
eucalyptus oils in the year HM)0 {Jour. Jioy. Soc. N.S.W., 
1900, vol. xxxiv., p. 130). 

Siinons(‘u has also shown {Jour. (^heiu. Sor., 1921, 78, 1044) 
that the (‘ss(‘ntial oil of Andropogou iuvrancusa, an Indian grass, 
contains about 80 per cent, of a Is clone whk'h is the dextrorotatory 
ft)rm of ])ip(uit()ne. ^ 

For the exact constitution of piperitone. see Jour. Chew. Soc.^ 
192*1, 129. 

M. D. 

PIPERONAL.- See “ Heliotropin.’’ 

PISTACIA OIL. - Mastic resin, from Pistacia Icntiscus 
(natiiiMj oidir Anunirdiacew), a tree growing in southern Europe, 
ncu’th Africa and the Levant, yields about 1 to 2*5 per cfuit. of 
ess(‘nti<d oil, having a cliaract eristic aromatic odour. The only 
c<uistitu(Mits idcMitiljcd are terpenes, but the oil is a useful fixative, 
so ])roh<d)ly (‘ontains some oxygenated constituents of high 
mo]ccul<n* wc'ight. It has a specific gravity, 0*850 to 0*905; 
optical rotation, ; 22 to f 35' ; and refractive index, 1*4680 to 
1*1760. ' 

PLUMIERA. — Sec aLo Frangipani." (Vrtain species of 
Plnwkra, which belongs to the natural order A pocynacew, are the 
plants known as fi*angij)ani. Pluwiera acuiifoh'a, P. alba, and 
P. rubra are tlie best known s])ecies. 

PNEUMUS SOLDO OIL* — The dried loaves of Pnenmus 
holdo yield a small amount of an ehsential oil of specific gravity 
from 0*910 to 0*960 ; optical activity, —2° to + 2° ; and 
refractive hidex, 1*4793. According to Hchimwel cf* Co. {Bericht, 
April, 1888, 43) the oil contains cymene, cineol, and ascaridol, 
CnjIIjgOo. It has an odour resembling that of wormseed. 

POLIANTHES TUBEROSA. — This plant, commonly known 
as the tuberpse, is a bulbous plant belonging to the natural order 
Amaryllidacem. It is probably a native of Mexico, The tuberous 
bulbs are regularly imported into England from Genoa and from 
North America, and are cultivated under glass for the sake of 
powerfully^ fragrant white flowers. The perfume is most 
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powerful in^tho evening when the light has disappeared, but 
when cultivated with tlio aid of artificial heat the perfume is not, 
nearly so fine as that developed by the flowers cultivated in tlie 
open air in the south of France. It yields a croj) which is collected 
from July to the middle of October. In the Crass(* district the 
bulbs are planted in April about 10 inches apart in row^s about 
2 feet apart. The land used for cultivation should be deep, rich 
soil, as the roots penetrate dowmw^ards td a considerable depth in 
search of inoistiu'c. If cultivated on diy soil, the plants nnpiire 
much watering and manuring. Each stem will bear ten to twelve 
flowers, or even more if the plants arc really w'cll cultivated. 
Each flower is picked as it opens. After the middle of October the 
flowers arc only of use for ornamental purposes, as tlie fragrance 
developed is not suflicient to make it worth wliile foi- the per- 
fumer to extract it. In November the tubers are talcen out of 
the giY)und, and packed away in dry sand to preserve tluun from 
damp and cold. Propagation is effected by offsets, which are 
freely produced. The plant was producc^d in the south of Europe 
centuries ago, and was first cultivated in Britain in tlie early lialf 
of the seventeenth century. It is frequently knowui as llyac’mihfs 
tubetosns. The flowers emit a very delightful fragrance. In the 
East the Malays call th^m the “ Mistress of the Night,” on 
account of the intensity of their odour after sunset. The natural 
perfume of the tuberose is extracted by enfleurage in the cold, 
because, liliie jasmine flowers, the tuberose flowers continue to 
evolve iierfume whilst in contact with th(‘ fat. A certain amount 
is also extracted by means of volatile solvents, but tuberose 
absolute is obtained in so small amount that it is ora* of the most 
expensive of all the natural llow'cr perfume materials. The 
essential oil obtained by the distillation of the enfleurage product 
luis been examined by Hesse {Berichte, 11)03, 36, 1450), who 
found it to have the following characters : — 


fS])erific gravity 
Optical rotation 
Acid value . 
Ester value . 


1-007-1 *013 
^ 2° 30' to 
22^32-7 
224 -243 


3 ^ 45 ' 


Verley {BulL Soc. Chim., 1899, iii., 21, 307) isolated from the 
oil a body having the formula Ci 3 H 2 oO> which he consklori'd to be 
a ketone, and to^which he gave the name tuberone. The mcdliyl 
esters of benzoic and anthranilic acids are also present, the latter 
to the extent of M3 per cent. Mctliyl salicylate has been fourjid 
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in the enfleurage . oil, but not in the petroleum extracted oil. 
Benzyl alcohol and benzyl benzoate are also present. 

Most tuberose perfumes are mainly aitifieial mixtures, but the 
best are based on a certain amount of the natural substance. 
Isobutyl -phenybaectate and para-cresyl phenyl-acetate are usually 
present in aitifieial mixtures, as well as gerariiol, linalol, methyl 
anthranilato, bc'nz^d acetate and ben/yl alcohol. 

POPLAR BUD OlL. — The young buds of Popnhis nigra, 
the blade poplar (naturiil ord(‘r Saliriura), yield about 0*3 
tn O'O p(*r c(‘n1. ot an essential oil of pale yellow colour, and 
having an odour somewhat recalling that of camomiles. Its 
(‘onstitnents are not definitely identified ^Fhe oibhas a specific 
gravity about 0 SOO to 0*1)10, optical rotation, [1 to + G" , 
and contains a small quantity of esters and free alcohols. 

POPOWIA CAPEA, OIL OF. ~ Roare^Bcrfrand Fih (Bul^ 
Ufiii, Odobei, 1013, 4, 15) have ciesciibed the essential oil dis- 
tillcul from the leaves of a plant growing in the Ivory Co.ist 
(\)lon\ , wheie it is known as du/ic' E G and \ (\imus identified 
the plant as (in(‘ of tlu' natuial order AtanHuca and named it 
Popoaua (\(pca 1'he leaves weie distilled and the oil sejiniated 
into a light oil which (loiited on thc^suitacc of the distillation 
watei, and a heavy oil which sank to the bottom TIk' characters 
ot the mixed oi (oni[)lete ' essential oil weic as follows — 

vSpieifii graxitv . .♦ 1*0IM2 

Optual rotation , | 77° 

Add V alia 2*8 

Sapomfic at ion value » . 1GG*1 

Saponilii ation \aluc' <»fter aeetyI<iiion . 239 9 

PRIMULA OIL. -The fresh roots o| Primula officinahs 
(natmal order Prnuulai ca ) when ciuslied dexeh^p a marked odour, 
first reeallmg that of am>eed, Liter that of piethyl or am\l 
salicylate essential oil is not jiresent m the living root as 

sueli, hut results from the hydrol>sis of two glucosxdcs when the 
roots are crushed. These glueosides have been .^parated by 
Goris, Maser^' an<l Vischmae {Kourc-Bertraud FU>, Bulletin, 
OctobcT, 1912, 30 and named jirimoveiin and primula v min. The 
fonnei, melts at 20G , and on liydroljsis yields sugars 

and the methyl ester of ^-methoxyresoreylio acid This is the 
solid constituent of the essential oik melting^at 49°, and was 
provdously deserihed as primula eamjdior ( Uuialen, 1877, 185, 
222). Primulavenn. CgoHggOig, melts at 161° to 1G3°, and on 
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hydrolysij^ yields sugars and the metliyl ester of />Mncthoxy- 
salicylic acid, Avhich forms the liquid portion of the essenlitil oil. 
The roots of Primula vera yield a practically identical essentia? ' 
oil. 

PROSTANTHERA CINEOLIFERA.— Baker and Smith 
have examined this Australian plant belonging to the natural 
order Lahialce. The leaves yielded 0*71 per cent, of essential oil, 
having a specific gravit}' 0*9204; and refractive index, 1*4711 at 
22°. The oil contains geranyl acetate, pinene, cymene, free 
gcraniol, eucalyptol, a idienol, and an aklehyde, which is probably 
cuminic aldehyde. 

PRUNUS OILS. — The leaves of the cherry laurel Pruuus 
lauroceruws }ield an oil very similar to essential oil ol almonds. 
This contains benzald(‘liyde and ])russic acid, with }>ossil>ly tiaces 
of benzjd alcohol. Its characters are substantially identical with 
those of almond oil. The bark of Pruuus virgiuiaua , the so-called 
‘‘ wild cherry/' yields about 0*2 per cent, of essential oil of almost 
exactly similar characters. 

PSEUDO-CARYOPHYLLUS SERICEUS.-- This jdant, 
also knowm as Myrfus p^(^ido<'nryophyllus, one of tlie Myrtacav, 
has leaves which liave a clove like odour. The esseuitial oil, 
which is obtained to the extent of 0*7 per c(‘nt., has a specific 
gravity 0*9‘^-87, aad contains a little eugenol. 

PTYCIIOTIS AJOWAN.— See ‘‘ Ajow^an Seed Oil.’’ 

PURPULUT. — ^^riiis is the Malayan jdant Urena lobata used 
commonly as an adullcnant of pat(‘houli leaves 

PYCNANTIIEMUM OILS. — The oil of Pycnanthemum 
lanceohitum (Kallia lanccolafa) was formerly described as that of 
Thymus viryinkus. It is known in the United States as “ moun- 
tain mint,” and the oil has an odour closely rcbcmbling that of 
American iiennyroyal oil. It contains carvacrol, 2>^degone, 
geraniol, dipentene, and j^robably thujone. The oil distilled 
from young plants contains as mucli carvacrol as, ])ut less ketones 
than, the oil from matured plants. The oil has been exbaustivedy 
examined by E. 11. Miller (Circvlar Na. 2, April, 1918, Pharm. 
Expt. Station, ’\^isconsin University). It is very variable in 
characters, according to the time and place of collection of the 
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distillation material. Twenty-live samples gave’yigures falling 
within the following limits : — ' 

% 

Yield of oil per cent. . 0-27-0-72 

Specifi(‘. gravity at 25° . 0* 800-0*9465 

Optical rotation . . — 5-95° to 12*25° 

Itefradive index at 18*9° 14831-1*5013 

l^Ju^nols per cent. . . 1,4-5-53 

Kcdones . . 3*0-40 

Acid iiuinIxT . . 0-54-45*] 7 

Estof iuimber . . 3*1^4-33*27 

Ester iinnibiT of acetylated oil 85*'8-J 93*7 

( 

P ycnanthamuni incmimn (Kwllia Incana) isj Icitowji in North 
AnK'i’ica as mountain mint or basil. The oil is^ of reddish-yellow 
colour and has a })owcrful aromatic odour. Itsi s^jccific gravity is 
about 0*935. » 

PYRETHRUM OILS.— Tho feverfew, M()>trkarki pi/reih'mn 
(Pljrcthnim pari hen Inw.), yields a very small qujfintity of a ]) 0 wcr- 
fully smelling ('ss('i)tial oil, rarely exceeding Oil to 0*2 per c(mt. 
of the weight of th(' fn'sh lowering j)Iant. , Dcssaigiies and 
Chauliard {Jonr. PraLi, Cheni., 1848, 45, 45) ii)V;t discovered tho 
pros(‘nce of tho rarely ()(;ciu‘rhig/n’ro-c!imp}ior in/tliis oil. Bornyl 
est'(‘rs are pnhsent, and possibly borneol. Tho aul has a specific 
gravity frcmi 0-900 to 0-960. The leaves of PyYf'thrvm, vidicym 
{('hrymnlhenium japonknni) yield the ki-ku oil ojf Ja'^oan, and the 
flowers of the allii^d plant (JkryHanllKunmn sinmAfi var. japo)ikum 
yield 0-8 jx'r c('nt. of the oil known as riono-kiku )il. This oil lias 
a speeilic graviiy 0-939, oplieal rotation — 12 , and contains 
camplienc and inactive (uimplior. 

PYROGALLOL DIMETHYL ETHER. -this phenolic 
ether, of th(^ formula C,.H 3 (OH)(OC'H;j) 2 , is ])resent tii the essential 
' oil of aji Algerian plant whose botanical source is noil yet identiliod. 
It is an odorous body melting at 51°, and yields a bl^iizoyl deriva- 
tive melting at 107” to 108°. 

RAMONA STACHYOIDES. — This plant, alsfo known as 
Salvia meUlJera, is a plant belonging to the natural oi ‘der iMbiatee, 
found in Californiti, and known there as black sage?j It yields 
about 0*75 per cent, of a fragrant essential oil, wliiclJ'- has been 
examined by P. Ilabak (U,S. Dept of Agriculture ^ Bureau ' of Plant 
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Indtisfry, BuUehn, No 235, p 14), {ouiul it tt) have the 
following chaiactois — 


Sptcilic gravity at 24° 0 0144 

Optical lotation + 30 2° 

Rtfiacti\c' index at 24° 1 4082 

Atid^alue 2 

Ester \aliu' 2 5 

Estei value afte^i aeot^Jatum 27 1 


The od uas found to contain camphor eincol, traces of tiee 
autie Old fouuic icidn and jwohahh ])]nene thujone and 
boineo] Buike and Se ilione (Join 1 ml Kmj than , 1014, 6, 
804) hue moie iieenth examined an oil distille el lioin the leuive's 
and twig'5 (\jeM ibout 0 0 ]>( i cent ) eolleeted in i\l)iuar> Tlie 
oil liad a speeihc gravity 0 SOS , optieal lotation f 24 I , 
re fi Kti\e inde \ 1 1720 ^ciel ^aJue 2 2 inel estei v due I 0 
It was found to contain (<unphoi, eineol pintne, tIiu]oii( and 
in\eti\e tci penes The oil h\s i pleasant aiomatie e)de)Ui 

R\NDIA. There aie a nunibei of species of this genu^ ol the 
natuial order ( indbonaan which have InghK odoious lleiwcis 
1 he [>liids ue elosely allie el to the garde nils anel the flerweus 
of tlio^e >})cu( s vine h «ii( h igi uit have .i ])e rfurne similai to that 
ol i t V jui d ^ ueleiu i lUtn iiu dnnuUn inn li spinosn !l uhqinosa, 
li Jon /i pnia and -^cveid other speeies iie exeeedniglv fi igiant* 
T lit \ lie dl tiopie il pi lilts and their jieiturne is nert prepiicel 
coinriH rer ill^ 

RASAMALA WOOD OIL. Sihumnd <( (o (Binchf April, 
1S02 M) hue ohtuneel 0 17 ]>ci cent ol essential oil fiom the 
woerel of a tiee^ gieiwing m Dutch Indies and there known is 
Ha^amcda Its beitaincal origin is unknown The oil toims a 
<‘tmisnli(i eivstdhne miss hiving an exloui lexalhng those of 
(iniiune)ri anel rhuhub Jhc juineipal eonstituent oi the oil rs 
a eiyst elhne beidy melting at 54 to 55 \ piohahly aketeme, whieh 
feums an oMine melting at 100 to 107°, 

RAVENSARA.^Thc le aie about fifteen species of Raansaia, 
a genus of the n duial older Mtpta((a, to he found in ]\1 idagiscar, 
all hivmg some part ot the plant which is highly aiomatie The 
])iantN liave not been caiefully c vainined, and i proper nuestiga 
tion is nceessux, as stnne of them possess lousieki dile^ potential 
value foT peitume^iy piiijroses Such an investigation is jriiticu- 
liiily (le suable', as the majority of the genus arc in dangeT of 
extinction tlrrough dcfoi (‘station The most aiomatie paits of 
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most of the plants arc the bark and the fruit. The fruit of some 
of the species are exported under the name noix de' ravinzara for 
^se as a condiment, and to a limited extent as a drug. The 
species to which attention should be directed are Eavensara 
perrieriy R. crassijolia, E. anisata, and R, aromaiica. The leaves 
of the last named yh^ld an essential oil, which has been examined 
by Ferrand and Bonnafores (Bull. Sci. Pharnuicol.y 1913, 20, 403), 
who found it to consist |irincipally of a terpene with a small amount 
of an oxygena ted body not yet identified. 

RESEDA.— See Mignonette.’^ 

REUNIOL. — This is a name given to an alcohol, or mixture 
of alcohols, isolated from Reunion geranium oil. ii is, however, 
only an impure form of gcraniol (mixed with citronellol). 

RHODINAL, — Rhodinal, CioHigO, is the aldehyde correspond- 
ing to the alcohol rhodinol. It is isomeric with citronellal, and 
probably has the constitution ((TIy) 20 : CH.CH 2 .CH 2 .CH(CH.j). 
CH,.(/1l(). It had for many y(‘ars been considered that the 
alcohol I'hodinol (r/.r.) was merely a mixture of geraniol and 
citronellol, but it is now clear that rhodinol and citronellol are 
two isornc'i’ic alcohols, Ihcdr corresponding aldehydes being 
rhodinal and citroiudlal. The individuality of the two aldehydes 
has becii c'onfirmed by the researches of Hanles and Himmclmann 
(BrnrhlCy 1908, 41, 2187). These chemists showed that com- 
mercial citrorudlal ” yields different results when ;t^reated with 
ozone, according to the sour(*e of the aldehyde. 

IJ. .1. Prins (Chem. WceJdjhtd, 1917, 14, 092) has also isolated 
two isomerides from commercial specimens of citronellal, which 
have the following characters : — 

1 . 2 . 

Boiling point 203^-204^ .. 198"-199'=‘ 

Specific, gravity at 14'"... 0-888 . . 0-8745 

Melting jxfint of scmi('arbaz(me . . 85^-80^ .. 83^-84^ 

Commercial citronellal thus appears to bo a mixture of the tw^o 
isomeric aldehydes citronellal and rhodinal. 

RHODINOL. — Rhodinol, an alcohol of the formula CioHgoO, 
is a compound over which considerable controversy has raged 
for many years in the chemical world. (See “ Citronellol.”) It 
was originally announced by Eckart to bo the essential alcoholic 
constituent of otto of rose, and was regarded hy him as being an 
unsaturated open-chain alcohol. 

Markovnikoff about the same time claimed that an alcohol 
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which he termed losool was the pimcipal odorous ingredient of 
otto of rose In 1894, Beitram published lesults uliicli claimed 
to show that both these bodies were meiely geiamol In 1806,^ 
Tiemann and Schmidt showed that the akohols of otto of rose 
weie a mixtuie of geraniol and citionellol, and suggested that 
the last named body had been mistaken for “ ihodmol and 
“ roseol ” Up till faiily recentlv the evidence available indicated 
that ihodmol was, in fact, nothing but mipuie citionellol But 
recent investigations have conclusively pro\ed the identity of 
rhodmol as an isomei of citronellol The two l)odu‘s do not 
apjiear to be steieoisomeiic, but they are in all probability 
structurally isomeiic They probably have the following con- 
stitutional fortnula* - 

('Hi CHj CHi CH(CH3)C’Hi CH 2 OH 
tionollol 

CH Clfa CH, CH(CHi)ClI> CHiOH. 

Rbohnol 

Fiom a perfumer’s point of view, the difference between the 
two bodies -and, of couise, their c'steis -lies entirely m Iheir 
odoui ^<tlues The bodies citronellol and rhodmol and their 
esteis, as met with in coifmmicc, aie always, oi almost alwajs, 
mi\tuies of the two isomeis The alcohols, as obtained fiom 
vanous souices, whether called citionellol oi ihodmol, ha\e the 
following ai^rage ehaiactois — 


From Ro'^e Oil 


Boiling point at 15 mm 

J13°~114° 

Specific gravitj at 20'' 

0-8G12 

Rc liac tivc index 

1 4579 

Optical iot«ition 

— 4° 20' 

From Gcramum Oil 

Boiling point (normal pressure) 

225''-22()^ 

Specific gra\ily at IS'' 

()‘862 

Rcffiac ti\c index 

1-4500 

Optical I ot at ion 

- r 40' 

From Citrondla Oil 

• 

Boiling point at 7 mm 

109° 

Spe cific gravity 

0-862 

Refractive index 

. 1-4575 

Optical rotation 

. -f 2^ 32' 

C27 

40^ 



Fro 7 n Barosma Pulchella Oil 


r 

Boiling point at (> mm. . . . 93°-95® 

Specific gravity .... 0-8723 

Refractive index .... 1-4629 

Opticiil rotation . . . . + 2° 14' 

By lieducMon of Citronellal 
Boiling ]M)int aj. 17 mm. . . 117°— 118° 

SiK-citic gravity at 17-0° . 0-8r)05 

Befractivc' inde.x at 17-5" . l-45G(i 

Ojdieal rotation ... + ‘i" 


An optically inactive rhodinol has been prci)ared by Bouveault 
and (lourmand from s>mthctic ethyl rhodinate. • 

The alcohols citroncllol and rhodinol have faint but sweet 
rose odours, and it may be taken for granted that practically 
all comincr(-ia,l s{K!cimens of either alcohol— eo nomine — really 
mixtures of the two alcohols in varying pro])ortions. And as 
such commercial six-cimens ol the alcohols an- tlie basis for the 
preparat ion of esters of the alcohols, it is e(|ually true to say that 
the esters of citron(-llol or rhodinol are also mixtures of honieric 
esters. 

RHODI.NYL ACETATE.- Thi.s («ster is suj)plicd coinmer- 
<!iallv as an artilicia.1 com]iouu(l for use in rose and bergamot 
compositions. As will be set-n by rc‘fercnc(- to the monograph 
“ Riiodinol,” it is undoubtedly a mixture of the acetates of the 
isomciric alcohols citroncllol and rhodinol. The commercial 
article is one which must larg<dy be judged on its odour, but of 
course, on sajmnitication it should give results which indicate the 
presence of from 90 to 95 per cent, of esters of the forimda 
(t,„Hi„O.OC.CH 3 . It should have a si)ecific gravity about 0-900, 
and a refractive index about 1-4500. It is of considerable value 
in soap ])crfumery, and is also of value in ordinary peu-fumery, 
both as a fixative, and because it imparts a floral-fruity odour to 
perfume mixtures. 

, RHODINYL BUTYRATE . — This ester, corresponding with 
the acetate {(j.v.) has a distinctive rose odour, which renders it 
of great value in the prejiaration of aitificial otto of ro.se. It is, 
like the tfbetate, a mixture of isomeric substauce.s. Its specific 
gravity is about 0-896 ; refractive index, about 1-4555 ; and 
boiling range from 260° to 270°. 

RHODINYL FORMATE. — ^This ester is, like the acetate and 
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butyrate, a mixture of isomeric substances. Tt is of a sweet rose 
odour, and is useful in giving a special ‘‘ note ” to artificial ott9* 
of rose, and also in the preparation of floral bouquets generally. 

RHODINYL PROPIONATE.— This body, which commer- 
cially is a mixture of isomers, as are all comniei’cial esters of 
rhodinol, has a sj)ecific gravity 0*911 ; r<‘frac1ivc index, 1*4570 ; 
and boils at about 255®. 

RHODIUM OIL.— Genuine rhodium oil, or oil of rosewood/ , 
is probably obtained from the wood of Co7t/volvidus ,scopariits and , 
C , jloridus, belonging to the natural order Coiivolvulacem, shrubs 
growing in the Canary Islands. The genuine oil has long ceased to 
be a eomm(‘rc?ial article, and oil of rhodium to-day a])])oars to be a 
mixture of eedarwood, sandalwood, i)a]marosa, and geranium (>ils,‘ 
to which a very small amount of otto of rose tnay or may not bo 
added. J. H. (dadstone {Jom\ Chmi. Soc., 1804, 17, 1) examined 
a sample of the oil, but it is uncertain wlu'tlua* it was a. genuine 
sample or not. He found it to bo a thick yellow' oil of specihc 
givivitv 0*90(>, and optical rotation about 0®. He consid(Tod it 
to eontain SO per cent, of tcrpenes (j)robablv Hesquitor]>en(‘s). 
Scliinimel J’ Co. (Bcricht. April, 1887, 28) distilled a sam)i)Ie from 
wood of unauth(uitieat(K! Jmtanieal origin, and found it to have a 
{>leasant rose odour, and to congeal at -\ 12® to needle-slia])ed 
crystals. Scftlvunel (U). also disfllled a sample from material 
originating^from TcucrifTe {Report, April, 1889, 37), and wdiich 
r(*se in ))]cd the wood of CouvoIvuImh ficoparlto^. The oil obtained 
ha-d a siK'cilic gravity 9*ih>l ; optical rotation, ; 1' 3()' ; acid 
value,!); ester value, 0 ; and ester value after acetylation, 151*3. 

It therefore contained a largo amount of free alcohols. (Refer to 
P. a- K, 0. 11, 1911, 29 ; 1912, 224.) 

RHODODENDRON OIL.— From the leaves and llowers of 
several sp(‘cit‘S of rliodc^dendron (natural order Ericacea') Raensel 
(Chon. ZentraJ, 190G, ii., 1495; 1907, i., 1332) obtained 0*123 
per cent, of essential oil of a yellow^ colour and puug<;nt aromatic 
odour. It had a specific gravity 0*864, and o])tical rotation, 

““ 4-33®. Ihe oil contained traces of an aldehyde, some esters 
and free alcohols, and probably tcrpenes. The woody stems 
yielded about 0*01 per cent, of an essential oil of similai* odour. 
Roure- Bertrand Fils (Bulletin, April, 1920, 4, i., 34) sbito that the 
yoiiiig shoots of^the rhododendron known as the “ laurel-rose 
of the Alps (probably R. ferrugineum) have an odour of pine 
needles. From these shoots thev obtained 0*17 per cent, of 
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essential oil of a balsamic odour which had a specific gravity 
,^^•840 ; acid value, 0 ; and saponification value, 63*5. 

RHYUNO oil. — ^This oil is one distilled in Japan from 
material of unknown botanical origin. It contains about 75 per 
cent, of safrol, so may be of value for the preparation of that 
body for heliotropin manufacture. 

RONDELETIA.— The perfume sold under the name Ronde- 
letia " was in Victorian days one of the most popular handker- 
chief perfumes on the market. To-day it has been largely dis- 
placed by perfumes with more decided odours. As sold, no per- 
fume of this name has, and probably few ever had, any real 
connection with the delightfully fragrant flower which provides 
the name. Mixtures of bergamot, lavender, cloves, and sandal- 
wood C)ils, modified with some floral extract have usually been 
sufficient to pass muster for rondeletia. The name, how^ever, was 
given by the botanist Plumier to an extensive West Indian and 
tro])ical American genus of the (Hnchonacem, in honour of Ron delot, 
a wxill'known physician and natural historian. Tlie principal 
odorous members of the genus arc the following (8awor, “ Odoro- 
gra])liia,’' ii., 450) : Eondeletuf odorata is a shrub 5 or G feet liigh, 
a native of Mcxi(*o and Havana, and isdbund on rocks of the sea- 
side. The fiow^cTS arc of a scarlet colour, and ar(^ very sweet 
scented, ])robab]y being the original llowTr which provided the 
name for the j) 0 ])ular jKTfuine. R. di'scolor is a nal^ve of New 
(iranada, with fragrant flowers. R, dinperma is found in the woods 
of Cartagena, and is very common in the islands of Baru and 
Tierra Bomba. The flowers arc of a purplish -wliite colour, and 
are sweet scented. R, exserta is a native of the interior of Bengal , 
and has been found particularly over the ruins of the ancient city 
of Cour. It is also found in the dry forests of the tropical Hima- 
layas, from Cihenab eastward to Nipal and 8ikkim. The flowers 
are white and fragrant. 

ROSE, THE PERFUME OF THE.— Probably no per- 
. fume lias been so persistently popular as that- of the rose. And 
wdiilst no synthetic perfume has ever been able to dis])lace the 
; natural perfume, as has practically been the case with the violet 
i perfume, «.fforts to manufacture an artificial rose perfume have 
^ been unremitting. It may, how^ever, be at once said that there is 
no artificial otto of outstanding merit wdiichMocs not contain 
‘ ’ a substantial amount of natural otto of rose ; and it is also 
; true that the bulk of the artificial rose perfumes are made up ol 
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natural isolaicj^ — various constituents of other essential oils 
which arc identical with constituents found in natural otto of 
rose, the actual synthetic substances used in sucli artificial 
mivtures being but a small propoi'tion of the whole. This point 
will be dealt with later. 

So important is the rose industry that numerous scientifio 
treatises have been written dealing with the history, botany, 
cultivation, and chemistry of the rose. Although, as will be seen 
in the seciuel, the industry is, in the main, in the hands of the 
Bulgciritxus, the scientific knowledge of the rose — otlier perhaps 
than the chemical — lias been mainly developed by Frenchmen. 
The following^ arc perhaps the most important of the seiontilic 
treatises dealing with the flower J. P "Buchoz, “ Monographio 
do la Rose/' Paris, ISOl , M. Boitard, ‘‘Manuel complct'de 
I’amateiir do Roses,*' Pans, 18:h> , Ft. Blondel, “ Les jiroduits 
odorants dcs Rosiers,” Paris, 1889. To these works much of the 
information available up to 1880 contained in the present mono- 
graph is due 

Herodotus is jirobably the earliest writer to differentiate 
be^wecMi the odours of v<nious roses, referring to the “ sivty-leaved 
rose as having a finer odour than others ” (“ Histories,'’ bk. iii., 
ch 138), It is ])rol)ablc« that he was here referring to Jio^a 
centijoha Amongst the Romans rose leaves wwe regarded as an 
antidote to the headaches, etc., resulting from an excess of wine. 
Tins piobaVly act omits for the practice of causing lose leaves to 
ram down on the guests at tlio end of a feast, and also of the 
pr<ietice of steeping rose Jea\es in wine. 

I’he use of tlu' rose leaf as a source of perfume is, of course, very 
ancient, and the use of perfumed leather (how tlie peifurue w^as 
iTn])arted from the leavers to the leather is not known) w’as at a 
very early dale introduced from either Glic'eee or Babylon to 
Home But it was in the form of rose' water, prepared by macera- 
tion of the leaves, or by some similar })rocess, that the Romans 
chiefly enjoyed thc' perfume of the rose. Apparently the supply 
of roses was originally brought from Egypt to Rome, and tlie 
principal rose so imported ap])ears to have been Rosa damascena. 
But this supply was not adequate, so that the cultivation of the 
rose in Italy became popular. Virgil has mentioned ^le famous 
rose gardens at Ppestum (“ Georgies,'' iv.) in the verses — 

“ Forsifttn ot pingues horlos qufe cura colendi 
Ornaret, cancTom, bifenquc* rosaria Poosti ” 

Pliny, however, appears to bo the first to describe roses in 
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such a way as to be of any botanical assistance ^to the modexu; 
■ student. He (*‘ Natural History/’ bk. xxi., ch. iv.) divides roses 
into wild and cultivated flowers, and classifies them accordiiig 
to their colour, odour, and habitat. He appears to have known 
the roses wliicli we now know as lio^sa gallicn, E. ceMtifolia, 
li. (lamamviia, R. pronmkilis^ and R. moschala, and ho is certainly 
the earliest observer to have noted that the leaves of Rosa 
Tubigivma had an odour resembling that of cinnamon. 

Chn-rhunagne, in his “ Capita Iari<‘S,'' recommends the cultiva- 
tion of tlie rose, and in bis time tlie flower, both as a perfume and 
as a Jlavoui’, bectamo of importance in ujiper-elass households. 

Tlie first mc^ntion to ho. found in a Eurofie^in work of a 
distilled rose water is in a wx»rk by Joannes Aetuarius Do 
methode medendi," bk. v., eh. iv.), wdiich appeared towardKS the 
end of the thirtocuith century. Towards the end of the sixteenth 
and at tlio eommmicement of the seventeenth century the 
essential oil of roses was diseovtunnl, and it is no exaggeration to 
say that the pharmaeopceias of the sixteentli, se\enteenth, and 
eigliteentli eenturi(\s contain a vm*y large proportion of thiur 
mccli(uunents tiavoured with ros(' water, powderc^d roses, or 
ess(uu*o of rose. 

Tho liistorv of the rose in jicrfumerf on a modiTii basis dates, 
of course, from some time after the discovery of the metliud for 
isolating th(' essential oil. It is luai' iiee(‘ssary to call attention 
to the fact that the odorous constituents of th('- rose possess v(Ty 
varying dt'sgi'ees of solubility, so that, as the flowers are of n(H'(‘ssity 
distilled VNitli wat(T, the aetua.1 odorous constituents divid<^ t heun- 
, selves into (u) tlu' amouni of various ingredients lu'.ct'ssary to 
saturate the distillation waters, and (h) tlie rt‘siduc, which consti- 
tutes the gn‘ater part of tlie odorous constituents, wliicli does not 
dissolve in the water. But as these eonstituent-s vary enormously 
^ in solubility, it results that rose water and oil (or '•otto") of 
rose dilTer eonsidcu’alJy in odour. This is, in the main, due to the 
high solubility of the body ]>hei}yl- ethyl alculio], which almost 
disapjiears from the oil and is almost entirely dissolved by the 
distillation water. 

The art of distilling tJie rose undoubtedly had its origin in 
^ Persia. Ageording to Ibn Khaldun, about 810-817, in the reign 
, of the Caliph Mamoiin, the province of Farsistan was compelled 
to provide annually a tribute of ;i(),000 bottles <of rose water to 
, the treasury at Bagdad. Istakhri (“ I^e Livre des (.\inipagnes,” 
p, 73) refers to the eonsid('rable production of rose w^ator through- 
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out" the piovmcc oi Farsistan, winch was e\j)oite(] to (Inna, 
XsiAia, E^?ypt, Spam, and Moiocco The jnmcipa] scats of inanu- 
tactiue weie at Dscliiu (the Fuuzabad of to day), Sluiaz * 

and the coast, uluw the rose mdiistiy is still m existence Tim 
f Arabs were rc^spoiisible lor the mtiodurtion ot the distillation 
ot loses into Europe The Calendar of TLmb foi the ve.u 0(>1 
lefeis to April bein£y the most suitable month (m Spam) toi the 
pieparation ot rose \^ater Kaempten f Amocnitatcs 1712) 
speaks \Mth admiration of the loses ot Shiraz and ot the eon- 
sick i able trade m then piodiiels He sa\s t)istiikd losc^ 
watei IS tnedy earned all o\(i India and the piovmecs of Persia 
itsc It Jt IS esteemed as an aitule of liixui} at feasts and renmions 
of fiHiids It IS boik d ^^lth enmamoii ind white' siigai, and is 
drnnk is an altcinatnc to lahua Rose water is used to spunkier 
1h( I'm sts with as a si^n of wckome It is niou expciisnc than 
wna Tlie loses the nischc s aie also expensive 

'Ihc lose has no speiiil innu in Ptisia It is calk cl qul — 
lli< llowcj ])(u (i((JI(N<( Kaemptci deseiibes a iraiden of 
loses it P(is( polls the rose cult i\ at e'd benu^ appaiently Rosa 
}hos(haf(( lb also ( s tlic tnst ]K)siti\( indication that we have 
ol thr dclimie cvistciuc ot an mdustl^ foi the distillation of 
(s(iu( of lose which w<i# also mule at Sima/ About 1574, 
(aivMumo Ros'-i ( l)( di‘*tiJlatione libei Ibivcnna laSi) had 
noted tlait one eould scjiai ite an (xtremelv odoious oil matter 
liom the ^i^lue ol lose watei Annulus SiIi (‘ Oper i Mr die o- 
(!)\nu(i Fiankfoit) icfeis bitween l()l() and Jb2() to Hie 
volitik oil ot ios(v, js a sul)->tanct ‘ ot biilliint whiteness, 
K'.diiblm^ speiinuiti Ponut towards the end ot th# sune 
(ditin V, iet< 1 ^ to tht sak oi a small (plant it y in Pans ‘Besides,^ 

Ik Hate^ ' the watei winch one obtains fioni loses (jne (an 
extiaet an odoions mil uuniabk spnit, most useful foj toitifving 
and i( joK mg the lieait ind stoinaeh 

It is (l(Mi then that by the end of the sixtunth cemtui^ oil 
ot ios( w is known to th( < lunnists and ajiothecaiK s ot Einope 
Although the East is the oiigmal home of the rose and its pe ituine, 
it Wtis only about the simetinu that the sc ]) ii<ition of theussential 
oil w IS discovered tlieie Langles ( ‘ Recheiches sin la ek com erte 
del essemcc de ibjsc's 1804) fixes the date ot the (Iiscov('i> m the 
East IS 1012 He seaiclu'd Ikrbian xnd Mongoh<in htenatuie, but 
found no menitUMi of \lhr qul (fat ot the tiowti -c'sst nee of 
ios‘ ) xntdior to that dxtc The Peisian poet Hah/ often speaks 
of (julab (lose watei) but never of aihi (essciKc) Jn the tamous 
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gulutan (lose garden) of Sadi this js also tiiio Nor do any of the 
European travelleis who \isited Peisia befoic IBl/c'ver mention 
“ essence of rose although ficqueiitly referring to rose water The 
essence is first described in a woik entitled “ Taiykh niontekheb 
lubab,” a history of the Giand Moguls fiom 1525 to 10G7, written 
in Persian by Molnrnmcd Acliem lie mentions the essence 
twice, firstly m a chajiter entitled “ Mariiage of the Pimeess 
Noui l)]]han with th^ Divine Djihan iinyr Imentions and 
DiscovciK s of the Queen of the World, ’ wheie it is stated “ The 
essence ot losc^s wliicJi Noui Djihan Bejgum hist called essence of 
Djihaii Gu>i, as wt II as perfume's of Ic sscr \ahie which those Jess 
favouied by fortune ina> use, was invc^nted by her and her 
mother ’ 

The second reference is in the chajitcr entitled “ History c»f the 
seventh year of the icngri of Djihan Guvr, and the feast of the 
Now Yc ar, whose ni<igrnhcencc astonished the w orld, coircsponding 
to the A ear of the Hc'giia 1021 ’ In this chaptei the following 
account of the essence occurs ‘At the commencement of the 
pc'ifumc^d feast of the New Yeai and of this } 0 <ir of the reign the 
mol he 1 of Nour Djihan hiving piesented t<» the Pi nice some 
essence of the losc walci which she had prepared and the Pimee 
having found it ague able he clecukd to att uh to it his illustrious 
name and called it A tin Djihangu\i He aho pusented to the 
Pinuc'ss a neeki ice wcjith 30 000 rupees Foi this was in tiuth a 
wonderful disc c)\er> no odoui oompaied with tlns,^etc ck ” 

MauiKcj ( Ilidoiie (kiiciale de Icmjme Mcaighol dejnns s.i 
foimition jusque a present 2nd cd , \ol i p 320) give's the 
following as the c iic umstanec s of the discoACiy of the essence 
‘‘ It w IS at a fe.ist given h\ this ambitious anel ek'ver woman to 
her jllustiioiis husband that essence of rose was disc en creel 
Amuse mciits and icjoieings were on a prodigal seale on this 
occasion The princess mdulired lici luMiiious cajuicc so far as 
to ha\e a canal ciiculating round the garden filled with rose water 
Whilst the emperor was vNalking with hex along the banks of this 
canal, tiie'^y ])crccivc*d a kind of scum floating on the surface of the 
wafer The'> gathcied this fi cun the edge of the wa tea anduMlise'd 
that it was something from the roses which the heat of tlie sun 
had causc'd to separate from the water (tlue>ugh c'vajioiation) and 
to aggiegiTte in a small mass Eveiybody agiccd that it possessed 
the most delicate perfume known in India ^As a result this 
chance discovery was tunied to useful purpose, and the ait of 
distilling the essence resulted ” 
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t Whatever be the truth of such legends, there is no doubt that 
/ this feast took place in the year 1612, and that the manufacture of 
essence of rose in Persia dates from the same year. In 1684, 
when Kaempfer visited the country, the distilleries of Sliiraz 
were in a very prosperous condition. He mentions the practice of 
adding sandalwood shavings to the roses on distillation for the 
purpose »of improving the odour (!). A century later Colonel 
Policr records the same fact, but truly smtes that so far from 
improving the odour of the essence of roses, it diminishes its 
quality and fineness (Polier, '‘ Asiatic Researches/’ i., xvi.). 
Rose water prepared when the essence was distilled in this manner 
was sold under the name Smndali gulab. Forster, about this 
period (" Voyages de Tlnde k Petersbourg,'’ i., 294) mentions the 
roses of Cashmire as the most beautiful in the world, and refers 
; to the essence as being particularly appreciated. At the com- 
mencement of the nineteenth century, Olivier (" Voyage dans 
I’Empire Ottoman," 1807, v., 367) found the industry in full swing 
in Shiraz, Farsitan, and Karman. The distillation of essence of 
rose appears to have been introduced from Persia, via Bassnrah, 
and from Arabia into India, first to the town of Kanauj, on the 
Ganges, which is non-existent to-day, and then to Ghazipore, 
where th(^ industry is still existence. It is through the I’lirks . 
that iho industry of the distillation of roses came to Europe. 
Ess(‘nce of ros(‘s was distilled in the* island of (hios and in Smyrna 
at. an early^late, and, according to a tradition still current in 
Bulgaria., it was from Tunis tliat the industry was brought to 
Kazanlik by a Turk in about 1680. About tlu* same tinu^ the 
distillation of roses was introduced into Fram^c^ freun tlu'. African 
coast. 

We may now turn to the industry as it exists at the present 
time. It is obviouvs that conditions of soil and climate such that 
good harvests of roses can be obtained are the first necessity for 
the production of esscncc—or otto — of rose. This, however, is 
by no means sufficient, as the most extraordinary differences are 
to be noted in the amount of otto yielded by the same roses when 
grown in different districts. So important is this point, that as a 
matter of fact tlie world’s supply of otto of rose is confined to 
districts within very narrow limits. 

The most important source of supply is Bulgaria, ^hich pro- 
vides the greater |)art of the world’s consumption of otto of rose. 
The most important centre of production is in the region of the 
Balkans, in the district originally known as eastern Roumelia 
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space of 6 feet is left between each row. The propagation is noi 
effected by means of cuttings or layers, but b}» cutting down 
entire bushes. These are pulled up and chopped into pieces. The 
stump, with as much root as possible left attached, is torn up 
and divided with a hatchet, and the pieces are planted with their 
boughs and leaves ksft entire, four or five abreast in long trenches 
about 18 inches wide and deep, and dressed with manure and well 
watered. This is doncrfn October or November ; the young shoots 
ap])ear about A jail, when the ground is well weeded and the 
mould raked high up to protect the young plants from the cold. 
In May a few flowers will be obtained, and by the next year they 
will be in full bearing, the flowering attaining a maximum in 
the fifth year. After a life of ten years most cultivators prune the 
plants right down to the ground, and new branches and often 
flowers will appear the following year. 

The harvest commences about the third week in May and lasts 
from twenty to thirty days. It is most rapid in very hot summers, 
pcrha]:)B lasting only from sixteen to twenty days, but with mild 
t(>mperature and soft rains the harvest will be prolonged for a full 
month, (hithering commences at- daybreak and lasts until about 
ten o’clock, and if the day bo cloudy it may go on all day. For 
it is verj^ necessary that the flowers not picked with the hot 
sun on them. A very short liarvest means picking the flowers 
during the heat of the day, which impairs the fragrance of the 
resulting otto, and also entails leaving the, picked flowers in the 
heat of the sun, mxcQ the distilleries are unable to deJil with them 
fast enough, with the result that partial fermentation sets in and 
the otto distilled is of a poor quality. 

The flowers are now' carried straight to the distilkuies. In the 
large centres these arc usually built six to ten in a row under 
sheds ojKm on one side, whilst in the outlying districts the stills of 
the peasants are put up temporarily in a thatched shed. Many 
peasants, either through the w'aiit of water or through lack of 
any capital, are unable to distil then- own flowers, so that they are 
compelled to soil tliem to the nearest distillery. 

The stills used for distillation are made of sheet copper, in the 
shape of a truncated cone. The body is about 3 feet 6 inches in 
height, composed of two pieces joined in the middle by a tinned 
band. TRo diameter of the body is here about 2 feet 6 inches, 
and of the neck about 10 inches. The head is^of the shape of a 
mushroom top, about 1 foot in height, leading by a tube to the 
condensing tube, which passes through a wooden tub, through 
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which cold water kept running The method of distillation is as 
follows : A change of about 25 lb. of flowers is introduced into the 
still with about 10 to 18 gallons of water , ^hen about 2 g<dlons 
of liquid has distilled over, the still is opened and the flowers 
taken out, a fresh charge of flowers is introduced, the water 
made up to the original quantity, and a fresh distillation 
commc^nced. 

The distillates are mixed and redistilled, tUe otto floating on the 
surface of the latter distillation being allowed to separate, when it 
floats on the waiter It is separated from this by a small conical 
funnel which has a tiny hoh' at the end to allow the water to drain 
awaJ^ 

If the otto be*skimmed off the first distillation water it differs 
somewhat in odour and general character from that obtained by 
the second distillation. 

It, again, the otto be distilled in steam stills without a naked 
flic being allowed to touch the floweis at all, a still diflereni 
product is ohtained. 

Those dillcrc'nees are to some extent explained by the fact that 
certain constituents of the otto are soluble ni water, and therc'foro 
the moie w^<il(*r iiscnl in the jirocess the moie ol the soluble con- 
stifiunts ar<‘ i<mo\e(l from the otto 

The lose water ])rodueed us a by produ(‘t is of fine odour, but 
the exi>ense ol eairuige, (to pre\cnts it from entc^nng into com- 
merce as a competitor with the Frcmeh rose water. 

The rejse efflti\<i1ed in Dulgaria is the common red rose, Rosa 
daifufscnia The white lose, Rosa alha, is grown, but almost 
entirely m the form ol hedges to separate different properties, 
but as the while rose fields an otto, although less odormis than 
that of the red jose, it is frequently distilled with the latter. In 
addition tp the prumtne stills described above, there are a few 
modern steam stills at selected centres of tlie rose districts, but 
these can, obMOudy, only deal witli lose floweis which are grown 
sufficiently near to the town in which the modern distillery is 
situated to be brought so rapidly to the stills that no decomposi- 
tion of the flowers has set in It is obvious, llierefore, that the 
bulk of the flowers must bo dealt with in the jirimitive stills 
owned by the pc^asants 

We may now turn to the otto of rose industry in In^ia — not 
because it is of the same commercial importance as the industry 
in France or Anatofia, but on account of the attempts to develop 
the essential oil industry within our own Empire and Dependencies. 
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For upwards of two centuries rose distilleries have existed at 
Ghazipur, in Lahore, and at Amritsar. The essience is entirely 
consumed locally. The harvest commences in the middle of 
February or March, and finishes in April. The Indian otto of 
rose question has been studied and reviewed by Gadre and 
Muckerji {Journal of Indian Industries and Labour , 1022, i., 80). 

The United Provinces Government instituted in 1020 an 
investigation into thcYrose industry of the provinces with a view 
to sugg('sting necessary iniprovetneJils for the betterment of this 
bran(*h of tlie j)ei*funK‘ industry. During two j>rcvious years the 
ex])eriinents-wero conducted by the Indian Essential Oils Co., of 
Cawn[)ore, wliile the iiubistrial chemist to the Government of 
the United Provinces attended during some of their last year’s 
experiments. In tlieir first report on these experiments the firm 
obtained a yield of 0*0045 per cent, otto from rose tJowers in 
Aligarh district, using the (common Deg still. In their second 
re])ort, viz., on the 1021 t*xperiini‘nts, the sanu* firm ol>tamed 
a great ly (‘nlianced yield by improvement in distillation a])])aratus, 
whcT(‘l)v tlH‘V obtained as much as 0*025 j)er cnait. otto on the 
\\(‘ight of flowers and also indicated the f)ossibilify of obtaining 
as high a yi(‘ld as 0*05 ])er cent, with further iniprov(nnt‘nts in 
jipparatus, thus bringing the yield nearly up to the h'vel of the 
Bulgarian ros(^ industry of th(' })resent day. From the above 
data the prosp(‘ct of the Indian rose indiistr\' ajjf)eared to bo quite 
liopeful only with tlu' substitution for tlie Deg still of some such 
im})roved still as that used by tlu^ Indian Essential Oils Co., 
although they recommended that the agricultural and hotanjr;al 
aspi’cts of the ])roblems should be studi('<l,'’ since a further im- 
provement in th(^ (quality of the flower would be wcdcome. Tlu^ 
ratio betav(‘en the (dficieneies of the Deg still and the improved 
still eonstrueted by tlie firm was shown to be yield of otto from 
Deg : yi(‘ld (»f otto from im])roved still :: 0*0045 : 0*015, or 3 ; 10. 
These re]K)rts gave no idea, huw'ever, as to the wav in wiiich the 
pcrci'iitage yield of otto wais determined, nor were any compara- 
tive dct(‘rminations made on tlowau’S from the different rose centres 
in the United Provinces. 

Jf was therefore decided during 1922 to repeat the experiments, 
using ros(i flowTU's from Hathras and Barwana in the Aligarh „ 
distrit*t,<Trhazipur and Cawmpore, trying types of stills other than 
those list'd during the previous experiments to obtain comjiarative 
results. The flowers used for these experiments were Rosa 
damascena. 
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Flowers from Hathras were obtained by the Indian Essential 
Oils Co., preseiwed by means of common salt, packed in tins, and 
sent down to Cawnpore by rail. These flowers were distilk'd by 
the firm at their factory in Cawnpore, and the distillates sent down 
to the Government Technical Laboratory, Cavnipore, for examina- 
tion : they used the Deg, their improved still, afid the sttiam still. 
At the Government Technical Laboratory, flowers grown in 
Cawnpore were distilled by (i.) a steam still, and (ii.) a direct-fiied 
still which was a modernised improvement of the Deg still. 
Arrangements for the distillation of (diazipur flowers could not be 
made. But, for the sake of comparison, rose water of dilTerent 
concentrations, distilled by a reliable Ghazipur firm, was obtained 
and examined. 

The roses round about Cawnpore flower in March and continue 
to flower through April. The expcrinumtal (list ilia ticnis C( m- 
menced on April 1st, 1921, and extendc^d right through the month, 
the total amount of flowers distilled being 37 to 3S maunds. The 
maximum atmospheric temperature during the durati'-n of the 
experiments was about 108'‘ F., and the minimum 78*5'' F. ; the 
humidity being, on an average, 35. TIkto was no higii wind, but 
loo (draughts of Jiot air) was prevalent on some days. A]tog(‘thcr 
it was a particularly trying season in which to prepare* rose otto ; 
these months of March and April have always been the season 
par excdlcjire for condnctiiig the distillation of rose flowcTs. The 
roses belonged to the species of Rosa datnascenn Mill — perhajis 
the commonest Indian garden rose— and were of the red or pink 
variety exclusively. The flowers were collected early iii the 
morning, brought over to the laboratory, and distillecl a,s soon 
as possible — about nine o’clock ; on some occasions the distilla- 
tion could not start early owing to the late arrival of the flowc^rs, 
in which ^ases the operation would begin by eleven o’clock. 

The methods used in the experiments were an improvement 
over the time-honoured and wasteful processes in vogue among 
the small distillers of this province. At the outset tJio flowers 
were distilled in the steam still in lots varying from 80 seers to 
so small a hatch as 15 seers, the same weight of distillate being 
collected as of the flowers put in. The practice in Asia Minor is 
different. There, from 1 oke of rose flowers, 2 okes of rose water 
are collected. The distillation generally occupied frorA three to 
five hours. This gave the once-distilled rose water, which finds 
greater demand than more concentrated water, probably owing 
to its cheapness. 


P.— vox.. II. 
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Rose flowers grown for purposes of distillation at places like 
Hathras, Sikandra Rao, Hasayan, Barwana, and other places 
thereabout in the Aligarh District arc superior to those available ^ 
at Cawnpore or Ghazipur for the purpose. The flowers can, with 
the use of a preservative like common salt, be stocked undamaged* 
for distillation purf)oso8 for three or four days after they are 
pluckefl. The superiority of the roses cultivated in the Aligarh 
district appears to her due to the richer soil and better irrigation 
facilities in that district. Tlie high results for percentage yield 
of otto obtained by the Indian Essential Oils Company last year, 
as mentioned in their report, could not be substantiated by the 
authors ; the average calculated yield of otto did not exceed 
0*015 per cent. 1'he optimum yield of otto obtaifiable from these 
flowers was found to be much lower than that known to obtain 
in Bulgaria and elsewhere. 

Live steam is unsuited for making otto from rose flowers. A 
steam -jacketed still would bo ideal, but its use may not be 
praetic.able on rose fields and with all grades of distillers. 

The rose industry is of considerable importance in France, and 
enonnous fjunntitics of flowers are grown for perfume purposes. 
The bulk of tlio perfume is extracted in the form of jiomade, 
absolute, (^r concrete, but a considerable amount of otto of rose 
is also }ir(‘y)ared. When absolutely pure, French otto of ro. e is 
of such fine odour that it is larg(‘iy ccuisumcd in the country, and 
only a, com])arntiv(*ly small «amount is exported. For tlic following 
details of the French rose industry ac)cnov'l('dgme?il is made to 
M. Jean Gattefosse. He states that France is leally the pioneer 
in the art of rhodology, and says : — 

“It is true that iu tlie thirty years 1872-1902 German rose 
growers produced 115 new varieties of roses whi(!li were taken 
up by the Frencli cultivators, but in the ten years 1903-1913 
they took no loss tlian 238 new roses from France. To a1 the 
(xorman roses a counterpart, ecjual and frequently superior, is to 
be found amongst the French productions. 

“ The cultivation of the rose is a very old industry in the Grasse 
district, and the flower lias been distilled there and near by for 
many years. The rose wJiich had up till fairly recently been 
employed for distillation, almost to the exclusion of other varieties, 
is the w^ll-knowii Bom cc7ilifolia, usually known as the Rose de 
Mai. This rose is of exquisite fragrance, but reijuires much care 
in cultivation, and does not give a very high yield of flowers.,. 
Rose do Mai is of so beautiful an odour that it is almost exclusively 
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used for enfleurage purposes and for the preparation of rose 
water, • 

‘‘ Enterprising perfumery experts in the south of Franco recog- 
nised several years ago that there was an immense possi]>ility in 
all their various roses grown for decorative purposes and grouped 
together under the general name roses dc jardin. '^riu'sc roses are 
cultivated for sale, and are forced during the winter and sold at 
high prices, being despatclxed by special# trains to the various 
capitals (that is, before the war). During the spring th(' natural 
crop eommemees, and gradually becomes more plentiful, and the 
price, of course, falls. The three problems which r('cpiiied solving 
were : (1) the economical utilisation of the rose^ de jardin ; (2) the 
creation of frfish species which, on account of abundance of 
flowers, or richness in oil, would become more nununci'ativc ; 
(3) the planting of rose gardens in favourable localities. 

“From the month of May onwards the mixed roses of which 
we have been speaking were practically wasted, and meiely foU 
to the ground to be dug into the soil again. In 1912 attempts 
were made by various perfumers to utilise them for distillation of 
otto. The flow’crs were turned into the stills, or extracted with 
petroleum, without any consideration of new principles necessary 
in a new industry. The r(jsults were, generally speaking, disap- 
pointing, the yields being very low. In 1913 eich individual 
distiller selected the variety which seemed to him to gi\e the best 
otto or the best ^ie^d. Some jirefernul to use the w(‘ll known 
Brunner ro#e, others Paul Keyron, Paul Nabonand, Van Iloutte, 
l>rusky, or tea rosc^s. Now it was clear, at an eaily stag<‘, that the 
yield of perfume to volatile solvents w^as quite remunerative and 
oconomic’al, owing to the abundance of the flowers obtained. 
Concretes, therefore, from the roses de jarditi wTre commtTcially 
sac(*essful, but one could not say quite the same for the otto 
distilled. The problem is of a quite different nature, beenusf^ the 
stills in different factories differ considcTably between themsehc^s, 
and many are quite unsuitable for the distillation oi otto of rose. 
The elaboration of improved stills has attracted considerable 
attention, and during the past few years it may truly bo said 
the French rose distiller has succeeded in constructing stills 
admirably adapted to the distillation of the ros% and which 
have solved the problem of the economical use of life looses de 
jardin for the manufacture of otto. Of course that is, generally 
speaking, only true for the larger and up-to-date scientific 
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' We shall make no attempt to give a catalogue of French rose& 
which are capable of yielding otto on a commerciali scale, but will .-r 
content ourselves with a brief indication of the direction which 
the cultivator and distiller have taken. Ulrich Brunner is a 
magnificent cherry -red hybrid perpetual, much esteemed for the 
. beauty of its blooms for decorative purposes. It is one of the 
favourite varieties of the Cote d’Azur and the Riviera, and its 
odour is exquisite. Oil distillation it gives a sweet rose odour, 
but not so powerful an odour as that from the Rose de Mai. The 
otto is very solid, rarely melting below 28^". Under usual con- 
ditions of distillation in the Alpes-Mari times, about 1 kg. of otto 
is yielded by 18,000 to 20,000 kg. of flowers ; but with specially 
elaborated stills a considerably higher yield is obtained. Louis 
Van Houtte is another hybrid perpetual, of an intense maroon- 
crimson colour, and Marie Van Houtte is a tea rose of an exquisite 
creamy yellow colour, with a bright rose edge. Both roses are 
gr('at favourites with growers, and have delicious perfumes. The 
yield of otto is relatively high, and equals or even exceeds that 
of tli(i Rose do Mai in stills of suitable construction. The otto of 
thc! Van Houtte roses is distinctly green in colour when freshly 
distilled, but b('comes yellow on keeping. Its odour is quite 
ditlerent from that of the otto from the Rose cle Mai. It can only 
be d(;scribcd by saying that it recalls the perfume of a bouquet 
of mixed roses, such as one is accUvStoined to find in use for decora- 
tion purposes. This otto usually melts at a low temperature — 
from 15° to 16°-— and has a particularly high optical rotation, 
frefjiicntly reaching to - 10^" or — 1 1°. Its ester value is about 10. 

A blend of the ottos from the Brunner and Van Houtte roses is 
exceedingly sweet in odour. Another distillation favourite is 
Paul Nabonand, but, so far as wo are aware, it has never been 
distilled without some admixture of other roses, so that its par- 
ticular type of otto can scarcely be described. Gatte fosse, how- 
ever, has distilled on a commercial scale roses of wlxich the large 
majority were Paul Nabonand, so that the otto obtained may be 
said to be approximately that of this rose. It has a specific gravity 
0*855 at 30°, and melts at 19°. Its optical rotation is about — 2°, 
and its ester value is very high — ^up to 42. 

‘‘ Other roses distilled for their otto, mixed with their garden 
companions, are : Paul Neyron, Souvenir de Malmaison, Marechal 
Neil, La France, Gloire Lyomiaise, Comte Bobrinsky, Gabriel 
Suizet, and Frau Carl Drusky, and there is another rose quite of 
the first rank, an exceedingly beautiful offspring of La France,, 
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obtained by that skilful cultivator, M Jules Graverodux vliich 
has received the glorious name ‘ La France VictorKiiso ’ 

“The question of the creation of new roses which will yield 
payable quantities of otto is, of course, still m its infancy, and wo 
shall only mention the lose cultivated in the bagatelle garden of 
MM Giavorcaux and Cochet Cochet and winch lias been named 
‘Rose d’Hai ’ This comparatively new rose has a tiower of a 
purplish -red colour, and blooms abundantly and foi a vtiy pio- 
longed period — ^from three to five months, accoiding to conditions 
of temperature, etc We have had the oppoitunity of exannning 
a sample distilled entirely fiom these floweis, and liiid it to Inive 
an extraordinarily low melting point This is about 7 to S thus 
mdicatmg a very low stearojitene content, and a coiiespondingly 
high amount of odoiiicious constituents Its specdie gravity is, 
as would be expected, \eiy high — up to 0*87S oi O-SSO — and it*^ 
optical rotation is about — 2° ” 

Anatolian otto of rose is produced m fan quantities and is 
pratlicallv identical with oidmaiy Bulgaiiaii otto 

Foi some few yeais past theie has been a commercial utilisation 
of the lose fiowcis growing iiatuially in the valley of Lake Biiidui, 
in the interioi of Asia Minor 

Later, sev^eral peasants who owned land, seeing that the giownig 
of loses foi tlic })ro(hK tion of c^sscnce was hkel\ to be icmunc^i alive, 
began littk^ by little to plant lose trees so that the aica under 
cultivation is now hiikIi extended 

Lake Buiflui is situated between the town of that ihimc' and 
Isbaitd This lattci is the ancient S])aita of Pisidia, which was a 
flounshing town in the davs of Alexander the (beat The wholes 
of this distiict is inhabited by an essentially agiK ultuial jiopula- 
tion, who own land of magnificent Icrtility. The climate is mild, 
and the wlley, protected by the mountains against cold and frost, 
IS rnc/st favourably situated foi the culiuie of roses 
Most of the peasants own stills for the distillation of then 
floweis, while there are othei cultivators in a rathei better 
position, who buy up the roses of those whose pioductjon is veiy 
small and who possess no distillation apparatus ol their own 
The total output of otto of rose from the An<itolian distiicts 
appeals to be from 200 to 350 kg annually The greater part 
of this is derived from roses cultivated fiom plants ^originally 
grown m Bulgaria. But m the Broussa distiict a natixe rose 
known as the “ Rose Hafis ’’ is grown, and yields otto of a quite 
aimilar character. 
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For a full account of the Anatolian industry (which does not in^ 
any essential matter differ materially from the Bulgarian industry), 
see a report by Bredemann, “ The Otto of Rose Industry in 
Asiatic Turkey/’ SchimmcVs Bericht, 1917, 45. 

Althougli small amounts are distilled in various other parts of 
the world, it will be sufficient to describe their characters, as there 
is nothing specially characteristic in reference to the methods of 
cultivation or productif)n. 

It is only a very few roses that are cultivated for distillation, so 
that there is not much variety in the natural rose odours available 
to the })crfumer. He is, however, called upon to imitate the 
odours of roses which are not, in fact, available for natural perfume 
mat(‘.rial, and in this task he is obliged to rely on the use of 
artificial pc^rfunics to give the necessary “ note ” to his production. 
Scjvc'.ral attempts have been made to classify the various rose 
odours, but none with striking success. The first such attempt 
ai)pears to have been published in an American journal (“ Varieties 
of rerfiimc in the Rose,” The Gardener s Monthly and Borti- 
cnUarlst, Philadelphia, xxviii., 1886, 249). This classification, 
however, had little scientific basis, and is not of much use as a 
guide. 

Blondol, in 1880, attempted to group the rose odours in the 
fcjllowing ten categories : — 

( 1 ) Typical rose odour : characterised by such roses as Rosa 
damascena^ with throe similar shades ” : (a) moss ijoso ; (6) tea 
msos, characterised by the Marechal Niel rose ; and (c) hybrid 
rovses of tlio General Jacqueminot type. 

(2) Odour of musk : typified by the hybrid moss rose Salet. 

(3) Odour of mignonette : Rqmi canina, /?. scepium, R. 

alpina. 

(4) Odour of violets : Banksia alba, Isabella Nabonand. 

(5) Odour of lily of the valley : R. Rijjariii, 

(G) Odour of hyacinth : Rose Unique jaunc (a Noisette rose). 

(7) Odour of fruit : Socrates, Duprez, R. braeteata. 

(8) Odour of bugs : Rosa hitea, R, plaiyamniha, R. Beggermia, 

(9) 0<lour of clove : Rosa caryophylla, R. moschata, R, Brunonii, 

( 1 0) Odourless : Rosa> inodora. 

The leaves of a number of roses possess odours which differ 
considerably from those of the flowers of the same plant. 

Generally speaking, the rose odours which the perfumer has to 
deal with are the following : — 

(1) The old-fashioned “cabbage rose” odour, reproduced as 
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well as may be by the otto of rose from Rosa damascena or Rosa 
cent if alia » • 

(2) Sweet briar or eglantine leaves ; isobutyl plicnylacetato is 
usually employed in this perfume. 

(3) Banicsia roses, with the odour of violets. In tliis the use of 

minute quantities of artificial violet of the ionone groiip and of 
one of the artificial violet-leaf perfumes, such as inethyl-heptine 
carbonate, is recommended. • 

(4) Tea roses of the Marechal Niel type. Very minute traces of 
orris and of one of the higher fatty aldehydes have been used in 
this perfume. 

(5) Muslv rose. Here, very minute traces of one of the artificial 
musks are emjiloye.d. 

E. M. Holmes (P. di E, 0. i?., 1911, 101) directs attention to 
the following groups of roses having pox)ular perfumes, and which 
may possibly be imitated : — 

(1) Of the P. cent if alia group, the Old Cabbage rose, the 
Maiden’s Blush, and the Wliito Cabbage rose, or Unique, are 
particularly sweet. These only flower in June. 

(2) Of the h 3 d)rid perpetual or damask rose group the greatest 
favourite is, perhaps, General Jacqueminot, a rose of bright 
colour, beautiful forjn, anc^ delicious odour, that forms the earliest 
red rose in sjuing used for buttonholes. This is presumably the 

Jack ” rose of American perfumers. Victor Hugo is a similar 
rose, Avhich (lowers Jreely in the autumn. Other sweet-scented 
roses of tilts group are Alfred (jolomb, Hcnrich Sehultheiss, Hugh 
l)i(;kson, Lady Helen Stewart, Madame Victor Verdier, Oscar 
(fardel and Madame Isaac Pereire, Horace Vernet, Maurice 
Bemardin, Pierre Netting, Eugene Furst, and Abel Carriere. 

(3) Of the hybrid tea roses, Madame Abel Chatenay holds the 
first place as a favourite rose for beauty of form, colour, and sweet- 
ness, and it is fre(4y produced from June till autumn. La France, 
Viscountess Folkestone, (Caroline Testout, and Pliarisaer arc all 
delicately-scented roses belonging to this group. Caroline Testout 
and Madame Abel Chatenay are two roses formerly largely grown 
in the celebrated gardens of Holland House. 

(4) Of tea-scented roses, Marechal Niel is a prime favourite, 
but is a spring rose. Adam, Anna Olivier, Devoniensis, Madame 
Ravary, and Gloire de Dijon possess varied modifications of the 
tea odour* ^ 

The roses of groups (2), (3), and (4) flower, as a rule, from June 
until the autumn. 
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(6) Of the hybrid bourbon roses, Souvenir de Malmaison, a 
good autumn rose, has a peculiarly sweet odour, allied to that of 
the cabbage rose, but more delicate. 

(6) Of the It, rugosa group, Belle Poitcvine and Conrad 
L. Meyer are the most odorous, but the perfume is weak yet 
'characteristic. 

There is, of course, no limit to the shades of rose odours, some 
true to nature, many jiot so, which the perfumer can produce, 
but in all cases it will be found absolutely necessary to liniit the 
use of all powerful s^ymthetics to very minute quantities, or the 
odour will be ruined. 

It is of interest to note that the odorous organs of the rose may 
be divided into two categories — firstly, the petals •of the flower ; 
and secondly, certain green parts of the plant, which include the 
calyx and sometimes the green leaves. Tin sc tw^o sets of organs 
work in the evolution of the perfume independently of each other, 
to such an extent that no case is known wdierc tlu* perfun;e of the 
two organs are identical in the same jdant. For example, the 
Rubiglnosiv, of which the sw’cet briar is typical, has odourless 
flowers, whilst its leaves are deligliifully fragrant. And when 
this rose is liybridiscd, as it has successfully been by Lord 
l\‘nza.jicc‘, tJK‘ so-called iVnzance briaj;s (all hybrids) have sw'cet- 
sc(‘ntc‘(l f<)lia|^(\ 

l^londcl {loc, cU.) lias carried out exhaustive researches in order 
to discover the actual seat of the perfume iq the rose, and in so 
far as the petals are concerned he has shown that the ossential oil 
resides almost, if not entirely^ completely in the up}>er and knver 
layers of cpidcaunal cells, and practically not at all in the parenchy- 
matous cells included between these tw^o layers. In the green 
parts of the i)lant the essential oil is secreted by externally 
situated glands, which are frequently formed on the teeth of the 
leaves. 

Wo may now^ pass on to the consideration of the otto of rose 
produced in a iiimiber of districts in which the rose is cultivated. 

As j)ointed out above, the bulk of the world’s supply of otto of 
rose is produced in Bulgaria. It is obvious that in the distillation 
of an essential oil wdiich contains constituents of varying degrees 
of solubility in w^ater, and wdiere the yield is very small compared 
with the volume of water employed in the distillation, the compo- 
sition of the oil which separates from the water ipust of necessity 
vary according to the conditions of distillation. The bulk of the 
: Bulgarian otto of rose, however, is produced by means of the 
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primitive stills of the small peasant farmer, under conditions^ 
which are practically identical throughout the rose grov ing 
villages. Where modern stills are used, the resulting otto may 
vary from the normal in characters, unless tlio conditions ha\o 
been at least appro^^imated to those of the peasant distiller in 
regard to the relative proportions of water used in the distillation 
and to the amount of esfeontial oil yielded. 1 1 is, however, a very 
regiettable fact that the amount of otto of rose oxiiortcd from 
Bulgaiiti annually exceeds by a large amount that actiuilly pro- 
duct d 111 the country, yome y(‘ars ago adulteration was the rule, 
and pure otto of rose a rare exception Owdng, however, to the 
advance in our knowledge of the chemistiy of otto of rose, and 
to thc‘ fact tluit useis insist on having their supplies analysc^d, 
coupkd with the acquisition of Western ideas and tducation by 
a nuinb(‘r of the better-class Bulgarian exporters, the exjiorlalion 
of pur(‘ otto of rose from Bulgaria is far more usual to-day than 
it was twentj-five years ago. The vases in wliieh it is contained 
are staled with the Bulgarian customs stal, but this must nt'vcr 
be take 11 as any guarantee of purity, as it means nothing more 
than tliat, if the seal is unbioken, the contents of the vase are in 
the same c'ondilion as whe^n it left Bulgaria At one time tJie 
uiuvdsal adulterant employed in Bulgaria was the so-called 
Turkish gtuamum oil, that is, the palmarosa oil distill(*d in India 
and luought to Bulgaiia x iCi Turkey To-day this crude adulterant 
is almost unknown liure geianiol lUid similar compounds <irc now 
so easily aild cheaply obtainable, and have not the somewhat 
marked odour ot palmarosa oil, that they are employeci to-day as 
the common adulte'rants. And, unfortunately, certain eontinerital 
chemists and chemical firms have so far prostituted the science 
of cliemistry as to deliberately prepare artificird mixtures having 
charaeteiH as near to those of the genumo otto of rose as can be 
obtained, for sale to the ignorant fiulgarian peasants for the 
express purpose of adding to their otto with the hope of elect iv mg 
the analyst. The result of this malpractice is that, instead of 
only undergoing one act of sophistication at the hands of an 
unscrupulous merchant, a consideiable amount of otto nxeivcs 
Bit least two “ baptisms ” before the actual user ree‘eiv(‘s it As 
the exporter has to collect numerous small amounts of otto from 
small peasant distillers living at considerable distances irom each 
Other, it is impossible for analyses to be made, and the purchaser 
relies upon two things. In the first place, pure otto of rose 
possesses an odour which the expert knows as the honey odour,’' 
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wliich is masked, weakened or spoiled by most adulterants. ' 
This odour is probably due to the presence of » little phenyl- 
acetic acid, derived from the oxidation of the phenyl-ethyl alcohol 
naturally present in the otto. An expert can pick out samples 
which contain mc^rc than a very small amount of adulterant by 
the odour of the sample, and upon this fact the purchasing 
exporter relics very considerably. The second point upon which 
he relies is the melting point and method of congelation of the 
otto, in the old days of adulteration, when nothing but palmarosa 
oil was used as the adulterant, the melting point was depressed 
according to the amount of the adulterant, but as to-day solid 
su])stjin(5es are also used in order to counteract the depression of 
the melting point, it is obvious that not much relitlnce can be put 
ui)on the melting point alone. The expert, however, can form a 
fairly good oj>inion as to the presence of foreign solid substances 
from the method of crystallisation of the otto after it has been 
melted. It is, at any rate, a fact that some of the more expert 
of the exporting merchants are so able to judges otto of rose in the 
above manner that they arc rarely deceived by a dishonest peasant 
distiller. 

VVe may now pass on to the eliemistry of otto of rose, dealing, 
firstly, with the composition of the oil, and secondly, with the 
iru'thods of ascertaining its purity, a jiortion of the subject of the 
very liigliest importance and interest to thost^ wlio use it. 

Of late 3 ^ears much of the controversial matter in reference to 
the chemistry of otto of rose has been more or Ife definitely 
settled, and it will be unnecessary to dwell too mucli on the 
earlier, and now admittcdl}?^ incorrect, work. The following brief 
summary will fairly well represent the present state of our 
knowledge of tlie (‘sseiice. 

Eckart Inaugural Dissertation,’’ Breslau, 1891) states that 
a small quantity of ethyl alcohol exists in the oil. If this is so, 
wliitjli Poleck denies, it is in all probability the result of fermenta- 
tion taking place in the leaves by keeping them too long before 
distillation. Markovnikoff and Reformatsky (Jonr. PraM. CTiem,, 
1893, ii., 48 , 293) originally slated that the liquid portion of rose 
oil consisted chiefly c f an alcohol of the formula which 

they termed roseol. Pi lock and Eckart claimed that this alcohol 
had the formula CjoHjgO, and v^as identical witli geraniol. They, 
however, proposed for it <he name rhodinol (which was applied 
to an alcohol, CjoHgoO, fn m geranium oil by Barbier and 
Bouvcault). Bertram and Gildemeister then showed that the 
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alcohols from rose oil were in reality a mixture of two bodies, of 
which they agi’^ed that geraniol CjoHigO was the cliiof constituent. 
Tiemann and Schmidt explained these differences, proving that 
the alcohols consisted of about 75 per cent, of geraniol 
and 25 percent, of an alcohol, CiqHoqO, which was identical with 
that obtained by reducing citronellic aldehyde. Hence they 
naturally insisted on the name citronellol Much confusion has 
unnecessarily been caused by various cliofiiists giving names to 
alcohols they had isolated from different oils in an impure state, 
and refusing to alter these names after it had been conclusively 
proved that they were, when pure, identical with already known 
bodies. Lcmonol, rcunioh and roseol arc all cither geraniol'~or 
citronellol or rnixtures of them, llhodinol is, however, now recog- 
nised as a definite chemical individual. (See under ‘‘ Rhodinol 
and “ Citronellol.”) 

Traces of esters of these two alcohols and of free acids resulting 
from their decomposition also occur. The stcaropteno was 
regarded by Markovnikoff as consisting of a single paraflin 
hydrocarbon of the formula Cj JI 34 , melting at 37°, but Schitnmel 
d* ('‘o. iravo separated two hydrocarbons, melting at 22° and 41® 
respectively, fiom the stcaropteno. This has been confirmed by 
Dupont and Ouerlain. These chemists suggest that the ester, 
wdiivh a])])ears to be found in larger quantity in J<>cnch oils than 
in any other, an important odoriferous constituent, and is 
destr(»\(*d by ix'peati^d <listiliation with water. They separated 
the lirpiifl fioriion of the oil and found it had an optical rotation 
of — 10'" 30', which decreased to — 7° 55' after hydrolysis, 
Cliarabot and Cliiris invariably find rose water acid, wkich tends 
to confirm this hypothesis. 

Ikenyl-ethyl alcohol has recently been shown to he a normal 
constituimt of otto of rose, but it appears to be mostly, if not 
entirely, lost or destroyed by the Bulgarian method of distillation. 
This is in all jirobahility due to the solubility of the jihenyl-ethyl 
alcoliol in the distillation waters. Nerol is also present in small 
amount as well as, probably, farnesol, a sesquiterpene alcohol, 
CigllofiO, present in oil of cassie and oil of cloves. Eugonol and 
nonylic aldehyde are also jirobably present in traces. Jt is possible 
that the metliod of distillation by steam vacuum stills in Bulgaria 
causes the phenyl-ethyl alcohol to be preserved in tlib otto, and 
less stearoptene V) be brought over. It will probably be necessary 
to fix fresli standards for this steam-distilled otto as soon as more 
stills are working in Bulgaria. At present it is only possible to 
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say that such otto appears to have a much higher specific gravity 
and refractive index than ordinary otto, and to contain phenyl 
ethyl alcohol in some quantity. 

Turning now to the methods useful for determining the purity 
or otherwise of otto of rose, one is forced to confess that in 
practice tlie determination of physical rather than chemical 
characters gives us the most reliable information. 

The odour of the beet otto is always of a type well recognised 
in Bulgaria under the name “ honey odour,*’ which an expert 
will readily identify. 

"Jlie value of a pure oil depends on the quality of the flowers 
used and on the care tal^en in distillation. It filso depends on the 
amount of solid stearoptene present, for tliis portfon of tlie oil is 
quite inodorous. 

The value of otto in the locality of its distillation is, as mentioned 
above, gaug('d to some extent by its melting point. Conseqiiciitl}^ 
spermaceti, or oven parailin wax, has been added to counteract 
the reducing influence of lif^uid adult(*rants. Kcccntly, too, 
guaiai'iim wood oil (so-called), an oil of fine odour which solidific's 
with a fine crystalline structure at ordinaiy tem])eratures, and 
consists of ))odi(‘s much resembling those in oil of roses, has been 


used as an adulterant. 

In this connection it may be mentioned that no standard for 
the quantity of stearoptene ])resent in natural rose oil can be 
fixed, as climatic conditions ap]>oar to inflmuico the ratio of tlie 
solid to the liquid portion very greatly. From 10 to ik) per cent, 
occurs in Liilgiu'ian oil, whereas that obtained in the south of 
France, in England and in Oermany has been stated to contain 
from 25 to (>5 ])er c(‘nt. of stearoi)tene. In the case of so high a 
contejit as tlie latter figure, it is certain that the oil w\as not 
prepared in the normal way, probably being the result of* distilla- 
tion for rose water, very largo quantities of water being used. 
Further, steam distilleries are being erected, and so far as one can 
judge at the present moment, an otto of diflerent properties is 
obtained when distilled by steam instead of in the usual manner. 

Oil of roses is not an easy oil to form an opinion upon with any 
degree of certainty. Gross adulterations can easily be detected, 
but judicious admixtures are less easy to deal with. Normally 
distilled Bulgarian otto has a specific gravity 0-850 to 0-860, 


rarely falling to 0*848 at 


15 ^’ 


The refractive inciex is a valuable 


figure to determine, and should fall between 1*4580 and 1*4655. 
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Geraniol raises this figure perceptibly. Simmons gives 187 to 
194 as the iodine absorption value for i)ure Bulgarian otto of 
rose. The oil is nearly inactive optically, and \- V io — may 
be regarded as safe limits. The limits for the congealing point 
for the pure Bulgarian oil may be taken as from 19' to 23', 
usually about 20° to 21°, but oils from other districts frequently 
have a higher congealing point than this. 

Spermaceti or stearin is easily detected, whilst jiarafiin wax 
or the solid constituent of guaiacum wood oil (whicli is of an 
alcoholic nature) arc not so easy of detection. As tlu' stearojitene 
of pure rose oil consists of hydrocarbons, no fatty acids uill be 
obtained by saponification, whereas spermaceti and stearin will 
yield, on saponification and decomposition of the resulting salts 
with hydrochloric acid, palmitic and stearic acids respectively, 
which may be identified by their melting points (palmitic aedd 
from 55° to 02°, and stearic acid from 62° to 08') Paraffin will 
bo indicated by the more granular structure of its crystals than 
that of the normal stearoptene, whilst the solid j)Oitu>n of guaiacum 
wood oil consists chiefly of a solid alcohol and will yield an acetyl 
figure, which is not the case with the normal stearoptene. 

The percentage of free aleoliols in tlie oil usually varies from 
70 to 75 p(T (‘ont , CKstimated ^ts geraniol, by ac etylation GeiMiiium 
oil givers from 75 to 95 ])er cent., so that no definite information 
IS necessauly yielded by tins determination. l)i(dze (Sudd, 
A path. Zeii , xwvii , ^9, p. 835) strongly lecoin mends the acid 
and ester vntlucs to be determined by titration an<l saponifica- 
tion with semi norm d <ilcoholic potash This gives the following 
figure^ (in percentages of potash) : — 



1 A( id. 

Estei. 

I 

SaponilKation. 

GtTPrnn rose oil 

0-21 i 

0*05 

0-86 

Bulgarian . ! 

0-12 

0*80 

0*92 

>> 

0*14 

0*75 

0*89 

French geranium 

0-08 

4*79 

5*47 

99 

0-50 

5*41 

5*91 

African 

0*75 1 

4*50 1 

5*31 

Spanish 

0*98 i 

7-10 i 

8*17 

Indian 

0*15 

3*10 

3*25 


9 

Whilst there is no doubt that the ester value of most geranium 
oils is higher than that of rose oil, the above figures are not 
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'comprehensive enough, and the indications obtained would be 
of very little value in the case of admixtures of considerable 
quantities of geianium oil. 

Burgess finds that for the estimation of the stearoptene 85 per 
cent, alcohol gives tlie most accurate results. He finds tliat 
5 grams of the otto (in these expc'riments ho also used 5 grams 
of a standard solution of stearoptene in geranium oil and in 
citroncllol —see table) in 25 c.c. of the solvent — or, if a weaker 
alcohol be used, 50 c.c. — is the most suitable quantity for the 
determination. Solution is efifeeted by means of heat, and the 
liquid is then cooled in ice for five or six hours. The stearoptene 
is then filtered ofT on a disc and paper over a filter ])iiin 2 ) and 
washed, onco i^ 85 per cent, alcohol be used, twice if a weaker 
spirit be emjiloyod ; the paper witli the separated st(^ar(q)t('ne 
is then dried in lacuo over sulphuric acid for twelve hours. It 
is not necessary to tare the filter paper, since the stearoptene can 
be lemoved in one cake from the pajier and weighed on a watch 
glfxss. 

The table (>r\ p. 054 shows the results obtained with the various 
solvents on otto of rose, and on standard solutions of siearo])t(*ne 
in geranioJ and in citronellol. With acetone he found, in soni<^ 
cases a fnrtlier separation qf stearoptene took filace. so that he 
has lecorded the results in the form of the two weighings of the 
steal optene whcic nec(‘ssary. 

The addition of geranium oil (Indian) or geraniol may cause a 
rise in the specific gravity sudicient to liring that of the oil outside 
the limits given above, but in moderate quantity may avoid 
detection in this way. The optical rotation wall searrely be 
affected, but the congealing point will bo 1owct(v1, and if tlie 
original otto contained only a moderate quantity of stcsaroplene, 
this figurq will be reduced below the minimum allowable for jmre 
oils. An examination of the stearo])tenc thus, as mentioned 
above, becomes necessary. By addition of alcohol and fiee/ing 
as here described, the st earojit eiie can be* almost entirely sej»a rated 
on a filter pump and washed with alcohol, and finally dried. It 
should then melt between 32'‘ and 37°, usually at 33° to 34°. 
Spermaceti and most samples of paraffin wax will cause this to 
be rather higher, as wall also “ guaiaeum wood oil if j)r(*sent in 
more than very small quantities. Salol and anti]) 3 Tm iave beem 
found as solid adujjierants. 

Jeaneard and Satio (Bull, Soc, Chim,, 1904, 934) give the 
following method for the determination of the stearoptene. Ten 
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grams of the otto are weighed into a beaker and 50 c.c. of acetone 
added. The liquid is cooled to — 10"^, \\ithout shaking, and then 
filtered through a funnel Lept in a refrigerating mixture. The 
precipitated stearoptene is washed several times with similarly- 
cooled acetone, and djied on the tared filter paper in vacuo over 
sulphuric acid. 

The estimation of the total alcohols by acetylation gives results 
which arc of iiinitcd vialue only. As, however, these alcohols are, 
in the main, a njixture of gcraniol and citroncllol, a separation of 
the two alcohols is of considerable value so long as tin* greatest 
care is exer(‘iscd in deciding what the relative proportions ouglit 
to be in a pure sample of the tyj)e examined. Wliat this is is not 
always easy to decide. In Bulgarian otto of roSe the citroncllol 
W'lll usually ]je found to be present to the extent of about 40 per 
cent, of the total alcohols as determined by the acetylation 


process. 

The citroncllol is approximately determined by foimylation as 
follows. Ten cul)ic centimetres of the otto are heated for an hour 
on a sand bath in an ordinary acetylation flask with twice its 
volume of formic acid (of specific gravity k22()). The contents 
of the llask are cooled and 100 c.e. of water added, and tlie mixture 
transferred to a se])arator. The oil is washed with water until 
the washings are neutral, and the esters determined exactly as in 
the acetylation process. Tlie citroncllol is then calculated from 
the formula- - 


Citroncllol ~ 


0*150 > .r X 100 
‘ 7r“ 0*02^- 


wdiore .r is the number of cubic centimetres of normal alcoholic 
potash solution used up, and w is the weiglit in grams of the 
formylated oil. (Bui see “Alcohols, Determination of.’') 

Subject to th(' reservations indicated above as to methods of 
distillation, genuine Bulgarian otto of rose has the following 
characters : — 


Specific gravity at . 

Optical rotation 
Refractive index at 30° . 
M( It ing point 
fl^'otal alcohols as gcraniol 
Citrondlol 
Stearoptene content 


0-849-0*860 

1° to + 4° 
1*4580-1 •4055 
19°-24° 

70-75 per cent. 
, 25-35 
15-25 


The fixing of standards for French otto of rose and the analy 
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of samples of this otto present considerably more difficulties than 
is the case with Bulgarian otto of rose. In the sequel, therefore, 
the reservations in regard to methods of distillation must bo 
remembered, and too great stress must not be laid on the figures 
wliich have been observed for authentic samples, as other oiiually 
authentic samples may well have values outside such limits. As 
indicated above, the old-fashioned normal French otto of rose 
was that distilled from the Rose de Mai (R^isa centtjolia) as more 
or less a by-product in the manufacture of rose water. The 
attempts to utilise the various roses known as robcs de jardin, 
although successful up to a point, have left the question of 
standard characters in a very confused condition. The piincipal 
reason for this is that the yields of otto from the different roses 
vary greatly amongst themselves, so that if the same amount of 
roses and the same amount of water are used in identical stills 
under identical conditions, and the amounts of otto yielded by 
two different kinds of roses are very different, the inevitable 
result follows that, where the yield has been very small and the 
amount of water used very large, almost the whole of the more 
soluble constituents of the otto will be found in the rose water, 
whilst tlio separated oil will be quite abnormal, containing only 
the highly insoluble constituents. On the* other hand, with a 
high yield of otto there will be sufficient of the more soluble 
constituents to saturate the water and still leave an appreciable 
amount for the sepanited otto. For example, the witer (E. rf . P.) 
has exanuii(|[l an authentic sample distilled from the Hose d’Hai 
under conditions which were arranged for yield of otto rather 
than for that of rose water. Its specilic gravity at was 0 * 880 , 
it melted at 8^^, and it contained 1)0 per cent, of total alcohols. 
A sample distilled from the same roses at Thiviers by Gattedosse 
had thc‘ fqllowing cliaiacters . — 

Specific gravity at 30 ^ . 0*8105 

Total alcohols . 22 per cent. 

Melting point , . 30 ^ 

U This otto, although “ pure,’’ would not be accepted by any 
pudge of otto of rose as a genuine sample in the ordinary sense. 
Ut bad been distilled with so much water that nearly all the 
\dorous alcohols had been dissolved in the water, leaving sonie- 
^ing not much better than stearoptene. The above* example 
fadicates the difficuilty in judging French otto of rose, and it 

snnot be too much emphasised that the trained nose is the most 
f^luable asset an expert has in judging this product, 
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The following figures represent a number of typical samples 
of French otto of rose that have been examined^ Jeancard and 
Satie {Bull Soc, Chim., 1904, 934) distilled a sample from the 
sepals only, which they found to have the following characters : — 


(\)ngealing])oint . 

no 

Stearo])terie 

r)l‘13 pc^r cent. 

Specific gravity . 

0-8704 at 15“ 

Optical rotation . 

- 41° 

Mi Iting point of stearopteno . 

14° 

Ac id vi lue . 

C-12 

KstcTAslue, 

16-28 

Total alc'ohols 

1 3-99 per cent. 

Citroiidlol .... 

13-56 „ 


The melting point of the stearopteno is noteworthy, as it is far 
lower tlian that of the stearopteno obtained from the rose petals. 
An oil distilled from the whole llowers by Jeancard and tJatie, 
with cohobation of the distillation vat('rs, and one distilled from 
the whole Hovers without cohobation of the distillation waters 
(so that 1 part of roM' flowers ga\e 1 j)art of rose water), gave the 
following lesnlts : — 

With Witliout 

cohobation. cohobation. 


Specific gravity at 15^ 

1 0-879 


Optical rotation 

1 


Total alcohols 

1 88-5 T)er cent. 

33 per cent. 

Citroncllol 

1 22-4 „ 

15-1 „ 

Congc*aling point 

! 25-5° 

25-9^ 

Stearo])lcne . 

j 32-2 per cent. 

55-88 per cent. 

Scliimwel d: Co. give the following values for two samples of 

Fi’enoh otto of rose distilled from the rose d’Hai 

: — 


Specific gravity at 30® 

0-8706 

0-8653 

Optical rotation 

- 1® 26' 

-- 3® 20' 

Re fractive index at 25® 

1-46480 

1-46159 

Melting point. 

13® 

18-6® 

Acid vanie 

1-8 

1-8 

Ester value . 

6-3 

5" 

Total alcohols 

91 per cent. 

91*8 per 


658 



PERFUMERY 






•4^ 




4>-4 

1 





P 




p 

1 




O -K^ O 

O 2 




O' 

O 





lO iO CO 

, C<1 CO <2^ 

3r 

O cu 

r-4 

o 

CO 

O 


^ t: 


o 

I ^ eXJ ^ CM 

<M P-^o o 

1—4 

S 

P4 


S.i 



-<J o ^ I 

+2 

1— 1 

1-4 

CM 

CO 

ers 

o 

&• M 



O 




CO 

OO 

3 j; 




C^J 




CO 

<M 

Ph g 




, ~ 






I 


'g « 

o o GO 

§ 

O S 
^ M 

Cn O 

T— J 0L|<^ 




p 

o 

o 


^43 

oa 


3 1 

>0 CO »o >o 

1 CM CO CM o 

1—4 

l- 

o 



O 


« ja 

1 ^ OO ^ CM 

r— 1 * 


-rH 

P-. 




^3* 

O 1 


f—l 

1—4 

CM 

o 

1—4 

l- 

co 

r— 

a^> 





C30 




o 

GO 


_ 




t-H 




1'- 

(M 





•4-* 










P 




p 



d 


0^0 CO 

O 




o 



S 

ri 

s'! 

»o ^ »o -+< 

1 CM lO o 

^ t-i 

O 2- CO 

o 

T— ' 

GO 




CJ 

o 

I OO ^ CM 


I— 


CO 

p4 




ce 

C o •< 1 

4- 

^ CO 


o 

CM 

era 

t- 

CM 

CO 

05 





CO 




CO 

CO 




_ 

r~t 




CO 

CM 





4--> 




-4-rf 




i 


P 




p 



I 

5 ' 

o CO GO c O 

C S iO ^ O <M 

o ^ 

CO 



o 



er 

rs 5 

C^ iO c^5 Zo o“) 

o 

o 

O 


C-* 




O S 1 

^ x> ^ oo ^ r-t 

CM P-^o 

r— 1 

CD 

<M 

p4 



w 

«5 

1 

O <1 O ^ [ 

I <M 
r <p> 

r—t 

CM 

C4 

re 

o 

er 

CO 





CO 




w 

»n 1 



1 


4-H 




1 

C^l 1 


ci N « 

3 'TJ ZJ o 
^ c 'ra 


is'-s; 

o 


0^0^ n 5—. 

CO it 

^CO^^CO^^OCO P^ 

, +'^ 

• s 


o o 


- rq 5L OO ^ li O 
O I - O c»-v C: "-t* ^ 
CO -^+^ oo era 


^ S 

CO 

^ 

-< O <cj 


^ 'O iO 

^ jQ ^_> o ^ p-^oq 

I +g 

no 

' <M 


OD 

CO 


C^ 

o 


a. 

^-r 

a 


lO 


Q> 


s 


CO 

C-> 


cr 

CO 


p 

o 


p 

& 

«§ 

U2 


p 

c3 

& 

C« 

§ 

CU 

02 


6fi9 


I • 

. £C).5 

* 2 oo 
a> rH-P 

rj- 

ija 

- 2 ^' 3 ^ - 

s.g.1 as 2^1 

Octt-<cccc 02 0?:^ 



p 

O) 

-4^ ^ 

^ B g ^ 

fe O e. ^ « 

ST Qj 1^ O P 

S. S^s^lls 
>- s I s § i « 3 

g ^ P «P «P 


S p* 

2 o , 


cgg-^gg-^tH 


p 

'p 

o 


42—2 



has a specific gravity 0^9567 ; optical rotation, — 1*^ 40' ; refrac;-: ; 
tive index, 1*48()14 ; and is soluble in 0-5 volume of 90 per cent/ 
alcohol. It contains citral and other aldehydes. 


TAGETES, OILS 0¥.—8chimmd Co. {Report, Nov., 1908i 
141) have distilled the fre^sh flowering heads, with their bracts, of 
Tageles patvla, a native of Mexico belonging to the natural ordet 
Composito'. 'Fhe oil lias a golden yellow colour and an aromatic 
odour, recalling that of a mixture of fruit esters and terpenes. 
The dried inflorescences yielded a similar oil, as did the air-dried, 
stern and leaves. The oils had the following characters : — 


j 

Frofth 

Dried 

St ems aud 

1 

1 

flowers. 

flowers. 

leaves. 

. 1 

Specific gravity 

0-8856 

0-8925 

0-9034 

Optical rotation 

— 6'* 35' 

- 9° 

+ 1° 15' 

Refractive, index 

1-4971 

1 1-4994 

, 1-4994 

Acid value . . . . i 

2 

; c-4 

1 14 

Est<T value 

18-7 

10-6 

{ 12-4 

Esfi-r value after aeetvlation 

! 

74-3 

j 

j 


ites anisaia is a plant met# with in the prairies of the 
Argentine. Tlic green plant {La Parfiwicrie Moderne, 1921, 

32) yields ()*7 to 0-8 per cent, of essential oil containing much 
anethol and resembling aniseed oil in oc^lour. It has a specific 
gravity 0*1)8(>, refractive index lv5432, and congeals at — 6^. 

'Ihe oil, distilled from Tagetes rnmtda has been examined at the 
Imperial Institute {Bnlhiin, 1924, xxii., 3). It is stated that the 
plant, which is a troublesome weed, yields 0*5 per cent, of volatile 
oil, and it was desirvd to ascertain W'hether it would be of com- 
mercial value. Tlie oil is rather dark brown in colour and has a 
characteristic but not very pleasJint odour. The clear filtered oil 
w^as found to have the following constants : — 


Specific gravity at 15/15® C. . 0-9369 

Optical rotation an . . +1*7® 

Kcfractive index 721)20 - • • 1-496 

Acid value . . . .1-5 

Ester value before acetylation . 44-5 

Ester value after acetylation . 116-5 


SoJ’ability in 90 per cent, alcohol Soluble in 1 -5 parts and 

less (at 16° C.), be- 
coming cloudy on 
further dilution. 
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■ *The char^teristic odour is largely due to (he presence of 

' r,l’l proLrt iu ...moient to K' «"rt" erfr»t on 

TALAUMA OVATA— This plant is one of the nio^ highly 
odorous trees growing wUd. It is known Brazil as 1 inho de 
Sr B finaTu^e, occurring in the Organ Mountains and m 
. fcovL^oTmias Oeracs. Itt (lowers and fruit arc so highly 
odorous tliat their iicrfunio is easily detected for a 
in the forests. It is identical with tlie tree 

fragranil^sima ky Hooker (“ leones plantarum, vol. m.. F g . 

208-212). . 

TALC.— Finely powdered talc is employed on a very cxteiisive 
scale as the basis of toilet powders ; such powders » 

considerable extent replaced the old-fashioned 
powder. The name talc has been applied to various minerals of 
a foliaftd nature, such as mica and gypsum. Its name is derived 
from the Arabic talq. Steatite is the name reseivcd for the 

O, . gyatcr or 1,„ d.»™. 

of imrity. and iu its tbeorctieally pure state has the compositio 
in.icated by the formula H^Mg^Si^O,.,. A typical analysis is as 

follows : -- • 


S'd), 

AU>3 

Vi o 
MnO 

OiiO 

ri./) 


(soinctimoH) 


00 [)cr cent. 
TracH‘s. • 
Traces. 
Traces. 

34 per cent. 
6 


It is widely di.stributed, in very varying degrees of purity, and 
for toilet uses should be absolutely white. Samples containing 
more than mere traces of iron and manganese arc green m colour 

and useless for this purpose. ti „ iwncea 

It is found in Cornwall, in the Tyrolese Aliw. the 
Piedmont, and in numerous parts of the United States, 
named country alone produces in the neighbourhood ^ 160,000 

tons per annum. , i i.L 

Powdered talc is non-giitty, soft, and ^easy to the touch. 
It is used, faintly perfumed, as " glove powder, but its principal 
, : 727 
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employment in perfumery iK as a face powder, when it ia cnloureS' 
and perfumed to taste. Jt is often used alone, but is also used 
mixed with starch, especially maize starch. 

; TANAGETONE,— See ‘‘ Thujono.” 

TANACETUM OILS. — Tho essential oils of three species 
of Tanacetim (natural order Composite) have been carefully 
examin(‘d. Tlu'se are the following : — 

Tavacelum mhjareA -This ])lant is widely distributed over 
most European countries. It is commonly known as tansy. Its 
essential oil is strongly aromatic. It is cultivated to a small 
extent in tho United States. The fresh flowering herb yields from 
0‘1 to 0-2 per cent, of essential oil, but the characters vary some- 
what according to the locality of growth. The*'oil usually has 
characters falling within tlic following limits : — 


Specific gravity 
()])tical rotation 
(tractive index 
Acid value 
EstcT value 

Ester value att('r acetylation 


0d)2r>-0-9:t0 
- 27^ to + 34*^ 
1-4570 1*4595 
1-2 
10-35 
28 SO 


English-distilled oil, which is not now a eonmierejal article, ‘‘has 
an odour r(‘senibling that of rosemary, and is highly hevorotatory. 
The oil consists mainly of thujone (tanacetone) (y.w.), and also 
contains the al(*ohol borneol. 

Tanaednw Boreale, — Tho half-dried horl) Tanneeturn boreale, 
a j)lant found in »Sjberja, yielded on distillation, 0*12 per 
cent, of an essential oil which had a powerful odour of thujone. 
Jt had a s})eeiiic gravity 0*9218, and an oi)tical rotation (- 48° 25'. 

Hu' oil obtained from tiie fresh herb W'as viscid and of a 
grecuish-brow n colour. It had a specific gravity 0*9603 ; refra(»tive 
index, 1*49167 ; acid value, 30*5; and ester value, 40*6. (Vide 
SchimmeVs Jieport, October, 1904, 97 ; 1905, 66.) 

TanaccUnti Balmmita, — Schimmel d; Co, (Report, Oct., 1897, 
60) obtained 0*064 per cent, of essential oil on distillation of the 
fresh llowining herb Tanacctam halsamita. The odour was 
agreeably balsamic, resembling that of ordinary tansy. It had a 
specific gravity 0-943, optical rotation — 43° 40' to — 53° 48', 
and acid value 21. The oil distilled between 207° and 283°. 


TARRAGON OIL. — Tarragon or estragen oil is the dis- 
tillate from the flowering herb Artemisia Dracunculus (natural 
order Oomposita^), It is used both in conserves and in the prepara- 
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tW of toilet vinegars. The yield from the dried lierb is from 
0*25 to 0*8 per cent Tarragon ojI is colourless to pale green and 
of a sweet odour resembling that of aniseed. It consists mainly 
of methyi-chavicol (“ estragol It also contains an aliphatic 
terpene, phellandreTi(% and a little j)Gfm-ine<ho5.y-einnamic acid. 
The oil uMially has the following characteis — 


Specific gravity 
Optical rotation 
Refractive index 
Acid value 
Ester value 

Ester value after acetylation 


0*900~0*947 
^ + 2^0 + 
1*5020-1*5100 
0-2 
1-10 
15 


An oil distille^l by liourc-Bertrancl Fils (Bulletin, October, 1910, 
43) had somewhat different characters from the above. The 
specific gravity was 0*9814 ; optical rotation, j- 2° 50' ; and 
saponification value, 29*8. 


TASMANOL. — Tasmanol is a liquid phenol, colourless when 
freshly jirepared, but darkening on keeping, which was isolated 
from the essential oil of Eucalyptus linearis by Robinson and 
Smith {Jour, Proo, Roy. Soc. N.S.W., 1914, 48, 518). It has an 
aronjatic odour recalling that of carvacrol, and has the following 
characters: — • 


Sp('cific, gravity at 23° . 
Refnictiivo index at 22‘^ 
Optical rotation . 
Boiling ])oint 


1*077 

1*5209 

0 ° 

208^-273° 


TAXODIUM, oil of. — T he wood of the southosn cypress, 
Taxodinvt distlchum, yields an essential oil, which has been 
examined by Odell (Jou?. Amer. Chern. Soc., 33, 755). In it he 
found a sescpii terpene, which he termed cypn'ssone, and an 
aldehyde, to which he gave the name cypral. This is 

a highly odorous oil, boiling at 182° to 185° at 35 mm. 


TCHOW-LANG-RHOA. — This is the Chinese name for 
Chloranthus inconspicus, the name signifying “ the pearl of 
flowers.” TJie plant is a shrub w'ith long spikes of elegant white 
blossom of very delicate perfume. It is cultivated especially in 
the provinces of Ngan-Houi and Se-Tchowan, and the dried 
flowers are much used for perfuming tea and generally in Chinese 
perfumery. •• 

TCHOW-MEI. — This climbing plant, Actinidm chmensis, is 
; plentiful in the Yang-tsc valley, and is much esteemed in China 
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as a perfume plant, its largo yellow flowers being very odorous; 
It is known to Europeans as the Itcliang currant.^ 

1'EA, OIL OF. — Th( < ^-‘^eiitial c»il of drii d tea leaves (from Thett 
chinemis) was otflained by van Eomburgh to the extent of 0*006per 
cent . ( V( r^hKj J*/ri)fk utal n te Bifitenzorg, 1 HOf), 119; 1 890, 1 60). The 
c^l aj)])eais lo be tlie result of fermentation of the leaves during 
drying, probably through tlie action of an enzyme on a glucoside,. 
The oil Jiad a sp(‘eific gravity O-SOO at 20°, and an optical rotation 
of about — 0" r»'. Its principal constitiu^nt is an ah'oliol of the for- 
mula It al‘-o contains luetliyl salicylate^. Prom the young 

leaves of That l^aatiigna, a Japanese plant, Kimura {Berichte d. 
deuisck, 2 dfarw. GcsscL, 1911, 21, 209) obiamed from 0*4 to 1 per 
cent, of an essential oil with a sweetish odour. It had a specific 
gravity 1*0011 at 21°, and was optically inactive. It contained 
about 97 ])cr (cnt. of eugenol, and possibly traces of a geraniol 
CBter, and an aldehyde or ketone. 

TEMU-KUNTJI. — Iii Java, the rliizomes of Ga^trochihis 
parnluntia arc known as iemu-luntjL On distillation they yield 
from 0*1 to 0’»‘17 p('r cent, of ar] essential oil r(‘sembling tarragon 
and basil oils. It lias a specific giavity 0*8740 ; oj)ticai rotf]^ion, 

-( 10° 24'; refractive index, ]*4«S90; acid value, 0; and ester 
valu(‘, 17*3. 

TERES ANTALOL.— This body is one of the alcohols occur- 
ring in small amount in oil of sandalwood, [t has the formula 
and has been artificially prepared by Semmler and 
Bartelt {Bcrichfc, 1907, 3321) by the rcHluotion of teresantalic 
acid by means of sodium. It forms line prismatie crystals melting 
at 11 2 Mo 114”. It forms a jditlialic acid compound melting at 
140’. 

TERPENELESS OILS. — A great many essential oils contain, 
more or less of hydrocarbon constituents, wddeh are of practically 
no value as odour bearers, and which foim the least soluble portion 
of the oil. By the removal of these hydrocaibons a concentratod 
oil is obtained, and, furtlier, the portion which is ’k'ast soluble 
in diluted alcohol is removed, so tliat in actual practice a con- 
siderable ec(jnomy in alcohol is effected. 

In the main, terpeneless oils are considered sufficiently deprived 
of their^insoluble constituents for ordinary use, but in a certain 
number of cases it is considered advisable to remove the sesqui- 
terpenes as well. Oils from which the terpones only have been 

Hm 
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removed are usually designated T.F. commercially (terpene free), 
and those from^ which botli the terpeiies and the sesquiterpenes 
Tiave been removed are designated S.T.F. (sesquiterpene and 
terpene free). 

Those concentrated oils are usually prepared by fractional 
distillation under greatly reduced pressure. In rare cases a few 
oils are prepared by a ‘‘cold process” of extraction of the 
oxygenated constituents by means of dili^/e alcohol, and subse- 
quent recovery of the alcohol, but they arc generally manufactured 
by distillation. {Vide Distillation.") 

The principal oil which is rendered terpeneless is lemon oil, and 
the characters and examination of this oil will be found dealt 
with under “ Lismon Oil.” 

The table on p. 732 summarises the characters of the principal 
terpeneless oils {Perfumery and Essential Oil Record Year Booh a7id 
Diary tor 1024). 

Sachsse & Co. (P. E. 0. P., 1911, 12) give the following figures 
for a few of the less common oils which have been rendered free 
from terpenes and sesquiterpenes. In the table the characters 
of the natural oil are compared with the S.T.F. oil, and the 
following abbreviations arc used : — 

!^G. — specific gravity a^; 15*^0., unless otherwise indicated. 
O.ll. optical I’otation. Sol. 21*8 o. -- solubility in alcohol of 
21*8 over proof, and so fortJi, Sol. 11-5 u. — solubility in alcohol 
of 11*5 under proof, S.V. saponification value. S.V.A.O. = 
saponification value of the acetylated oil. 

Angelica Oilfrom^ Roots 



Natural oil. 


^.T.F. oil. 

S.G. . 

, 0-85G;V0-010 

S.G. . 

. 0-075-0*988 

O.R. . 

. + 15° to -]- 31° 

O.R. . 

. Slightly -|- to 

Sol. 58 o. • 

. Mostlv insoluble 

Sol. 21*8 0. 

. 1 : 2*5-4 

S.V. . 

. 15-22*^ 

S.V. . 

. 75-95 

S.V,A.O. 

. 30-40 

i S.V.A.O. 

. 200-230 


Bay Leaf Oil 

• Natural oil. S.T.F. oil. 

S.G. . . 0-065-0-080 S.G. . . l-()30-l-045 

O.R. . . Upto — 2^" O.R. . . Nearly always 

Sol. 58 o. . Mostly insoluble inactive 

Phenol cont. 50-65 per cent. Sol. 21*8 o. . 1 : l-i»l*5 

Sol. 5-9 o. . 1 : 4-6 

Sol. 11-5 u.. 1:75-100 
Phenol cont. 65-85 per cent. 
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Patchouli Oil 



Natural oil. 

S.T.F. oil. ‘ '',-'7 

S.G. . 

0-970-0-985 

S.G. . 

Slightly more . 

: O.R. 

~ 50° to - 68° 1 


than 1 

Sol. 68 0. . 

1:1-1-510 1-8 ! 

O.R. 

- 60° to - 78° 

S.V. 

5-10 1 

Sol. 21-8 o. 

1 : 5 

'S.V.A.O. . 

20-45 ' 

S.V. . 

15-30 


i 

! 

S.V.A.O. 

65-90 


r 

Pine Oil {Abies Peclinata) 



Natiiial oil. 

•S.T.K 

oil. 

S.G. . 

. 0-868~0-87r> 

S.G. . 

0-956-0-970 

O.R. . 

. — 20° to - 60° 

O.ll. . 

1 

o 

1 

O 

o 

Sol. .58 o. 

. 1:5-8 

Sol. 21-8 0. . , 

1 : 4 

Bornylacetate ! 

Sol. 5-9 o. 

1 : 30 

content 

. 4-7 per cent. 

Sol. 11-5 u. . 

1 : 175 



Bornylacetate 




content 

45-00 per cent. 

4 ' 

Pine Oil {Pinus Pnmilio) 


fi 

Natural oil. 

S TV 

oil. 


. 0-865-0-875 

S.G. . 

0-940-0-955 

O.R. . 

. -4° to -10° 

O.R. . 

— 15" to ~v25° 

Sol. 67 o. 

. 1 : 1-5-2-5 

Sc«l. 21-8 0. . 

1 : 2-5 

Bornylacetate 

Sol. 5-9 o. 

1 : 25 

content 

. 4-7 per cent. 

Sol. 11-5 u. . 

1 : 150 



Bornylacetate 




content 

40-55 per cent. 


Pine Oil {Pinus Sibirica) 



Natural oil. 

, S.T.F. oil. 

S.G. . 

. 0-904-0-918 

S.G. . 

04)79-0*986 

O.R. . 

. —39° to — 42° 

O.R. . 

— 30° to -40' 

Sol. 68 o. 

. 1 : 1-1-5 

Sol. 21-8 0. . 

1 : 3 


Boniylatietalc 

content . 27—35 i)er cent. 


Sol. 5-9 o. . 1:13 

Sol. 11 '511. . 1:100 

Bornylacetate 

content . 80—90 per cent, 


S.G. . 

O.R. . 

Sol. 67 o. 

s.v. . 

S.V.A.O. 


Ylang- Ylang Oil {Manila) 


Natural oil. 

. 0-930-0-960 

. - 38° to - 60° 

Insoluble 
. 80-100 
. 110-140 


S.T.F. oil. 


S.G. . 
O.R. . 

Sol. 41 o. 


0-950-0-967 
- 22° to -40' 
1 : 1-5 


S.V. . . 130-150 

S.V.A.O. . 160-200 
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J. Parry [La Parfumcne Moderne, 1923, 101) gives the 
following figures^for commercial lemon and orange oils — 


Terpenelcss Lemon 0th 



1 

1 ^ 1 

3 

4 

5 1 6 

Specific giaviiy 
Optical lotition 
Refractive index 
Citral content 

0 895 1 

1 - 5 ^ 30 ' 1 

1 4800 
4 G pci 

c 1 nt 

0 893 
d-o^^ 

1 4810 
42 pci 

cc nt 

0 892 
- 3 ° 30 ' 

1 1801 

13 per 

cent 

0 888 

1 4770 
39 per 
cc nt 

0 8<)1 i 0 893 

-- 5 “ 6 ° 

1 1792 ] 4810 
42 pci 11 per 

c c lit c ( nt 


One expects c! defiriite 1 inoiotation m torpewdess lemon oils 
Samples JNos 2 and 4 v\(ie furthci examine. d, ind in the case of 
No 2 distinct tiaces of tei penes weie detected Jn the case of 
No 4, 5 pel cent of ahohol was found to Ikj pnsint as wdl as 
heavy tiacos of terjienes, so that both samples wcie consideied 
unsatisfactory the latter especially 


I Gr})( neh^s Orange Oils 



f) 


Sprcifu gn\itv 
Optu d lol it ion 
liefriitnt index 


0 87G 0 SG6 

d 27" 1 17 20 

1 4613 1 1G60 


0 878 0 85S 

d 30 1 H7 K) 

1 4710 I 1730 


OS78 
h2G^ 
1 1040 


^im])lc No 2 w xs found to contain 10 pci cent of alcohol, and 
sample No 4 was mcicly a slightly concentrated oil containing 
an onoimons amount of tcrpcncs 


Scsqmlcrpeneless lemon Otis 




i 


Specific gravity 
Optical rolai ion 
Refractive iiidc x 
Oitral 


0 898 

1 1830 
(?i p( re ent 


0 S995 
—5'^ 30' 

1 1820 
64 pc 1 c( lit 


0 900 

J 1822 
62 pc r cent 


0 8979 

1 4792 
GJ perc ( nt 


None of those samjjlcs showed any appreciable h^clrocaibon 
residues 
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Eefractive index 
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Sesquiterpeneless Orange Oils 



2. 

3. 

4. 

0*858 

0*885 

0*888 

0*876 

68^^ 30' 

+ 15^^ 30' 

+ 17° 

+ 14° 

1*4720 

1*4765 

1*4780 

1*4496 


Sample No. I was merely a slightly concentrated oil rich in 
hydrocarbons. Sami)lo No. 4 is most extraordinary. 

Its low refractive index i.s conclusive against it being a genuine 
oil. Alcohol was ab.scnt, and hydrocarbons were substantially 
absent. The characters of this oil would be accounted for by the 
addition of such synthetic bodies as decyclic aldehyde, and this 
sample was adulterated with some form of synthetic orange oil. 

TERPENES. — ^The terpenes consi.st of a number of isomeric 
substances of tbe most varied constitution, of the general formula 
CjoHifi. From the perfumery point of view, they are of very little 
value, and in most cases rather objeetimiable than otherwise. 
Their importance to the pei-fumer lies in the desirability of getting 
rid of them. In the first place, their odour is either very slight 
or is of no perfume value. It is tRue that where essential oils 
contain so much terj)cne that it is a common pj actice to remove 
them, and so prraluee terpeneless oils (q.'i\), tbe ter}jenes so 
removed always contain a small amount of the more highly 
odorous compounds of tin; oil (which aluK>st invariably contain 
oxygen), sj that they have a slight perfume value. Such tcrjwne 
mixtures, however, only find employment in the cheapest of 
perfume industries, sucli as common soap, blacking, and other 
household articles. 

Th(i second objection to the tei-peiies is that they are far less 
soluble in alcohol than the oxygenated constituents of the oil, 
and by their removal, when pnisent in appreciable quantities, a 
considerable saving in alcohol and in troublesome filtration is 
• effected. 

! The third objection to these bodies is that many of them are 
very easily oxidised or otherwise altered by exposure to air, light, 
and moisture, and develop objectionable odours. So much is this 
the case that many oils very rich in terpenes cannot be kept beyond 
■ ,a certairi*time in a fit state for use, whereas many others, almost or 
' , quite free fiem terpenes, can bo kept for prolonged periods with 
advantage to their odour value. 
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*TIie constitution of the terpenes was for many years a 
"baffling mystery. Although excellent work was clone by 
numerous chemists, both British and foreign, it is to Otto Wallach 
that credit must be given for attacking the problems to be solved 
in a laborious and systematic method. Then followed a period 
when numerous chemists, mostly German, fascinated by the 
success attending Wallach's researches, devoted themselves to 
this branch of organic chemistry. It is, however, the extraordinary 
researches of W, H. Perkin, jun. (the son of W. II. Perkin who 
discovered the first coal-tar dye), and his pupils, which resulted, 
inter alia^ in the syiitlicses of dipeuteno and sylvestreno, that 
have brought our knowledge of these bodies nearer to a state of 
certainty than cyiy other chemical investigations whatever. 

For (letails of the pure chemistry of the terpenes, chemical 
literature (pubbim) must be consulted. For a short summary of 
the properties, “ The Chemistry of Essential Oils,^* vol. ii. (E. J. 
Parry ; Scott, Greenwood & Co ) and “ The Volatile Oils ** 
(Gildemeister and Hoffmann ; Scliimmel d; Co ) may be consulted. 

Whilst the terpenes propeiJy so called are ring or closed-chain 
compounds. tluTO are a few bodies of the same em})iiical formula, 
CioHie, which are sufiiciently similar in some of their properties 
to thb terpenes to have been called “ olcfinic terpenes.’* Of these, 
however, (>nly a comjiarativefy small number are known. 

Apart from the proper nomenclature of the terpenes from a 
purely constitutional point of view, which is based on hevahydro- 
para-eymene, or -nteuthane as it is usually called, an objection- 
able practic# has grown up in naming; terj)eiies in such a manner 
that the names gue no possible indications of chemicat relation- 
ship ; indeed, oft(*n the contiary is achieved, and chemical 
relationships indicated which do not exist. For example, there 
ore four pinenes known. Those aie termed a pineue, /3-pineno, 
d-pinono, ani iso-pinene. Each oiu* of these has an ontin‘ly different 
constitution, and, except for some trival reasons of convenience, 
there is no justihcation for calling them “ pinmie ’* in any case. 
Similar confusion exists in the case of the fenchciies and the 
phellandrene^. 

It is to be hoped that at no distant date an agreement as to 
nomenclature may be reached by which it will be possible to avoid 
the chaotic conditions at present existing. 

, Amongst the most important of the terpenes, the folIoWimg may 
be shortly described : — 

a^Pinene* — ^This is the most commonly occurring terpone, 


f.— VOI. 0 
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constituting in its dextrorotatory form the bulk of American atTd 
several other varieties of turjientino oil. In its laevorotatory 
form it is present in French oil of turpentine, And, to a greater 
^ or less extent, is found in many hundreds of essential oils. The 
purest specimens of the thiee optical isomers that have been 
prepared have the following characters — 



Dectoiofaioiy. 

Laevorotatoiy 

Inactive. 

Boiling point 

155°-15G° 

155'’-! 56° 

165°-166° 

Specific gravity 

0*804 

0-865 

0-862 

He frac tive index 

1*4 050 

— 

1-4655 

Specific rotation 

+ 48*4° 

— 48-0° 

+ 0° 


p“Pinene. — This terpeno, more properly known as nopinene, 
is found in oil of hyssop, and m most turpentmo oils m association 
with a ])menc, as well as m small amount in numerous other 
essential oils It lias also been prepared artilioially by Wallach 
{AnnaJen, 246, 251) Its characleis are ajipioximately as 
follows — 


B<nling ])oint 104° 

Sp<(iti( gravity O’HOC 

Optical lotatioii — 20° 

Ilcfiactive iiuk X 14.740 


According to Varon [(^owpia^ Bendas, 1909, 149, 997), the 
following arc the appioxiuiato quantities of a i)inenc,and ^ puiene 
in French, Amciican, and Oerman turpentine oils — 

a P nene /3 P nene 

French oil . . 03 cent . . 37 per cent. 

Amt riean oil . . 73 . . 27 „ 

(him.uioil . , 72 ,, . 2o „ 


/so-Pinene.~ See Aschan {BerichtCy 1909, 40, 997). 
Camphene. — Campheno is the only well recognised natural 
tcipciK which is ciystalhiie It hab the following characters — 


Melting point 
Boilmg point 
Specific rotation 
Kcfra(‘tive index 
i Specific gravity 


50 °~ 52 °^ 

159°- 1 01° 

P4550 (liquid at 60°) 
0-856 at 40° 


It IS prepared artificially by converting pinene into pineuo" 
hydrochloride, and then withdrawing the hydrochloric acid, whea 
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camphene results from a molecular rearrangement. This torpei 
is of particular importance, as it is an intermediate in the mam 
facture of artificial camphor from turpentine. 

Dipentene. — Dipentene, or more correctly inactive limonene. 
is a terpene occurring to a considerable extent in nature. In the 
form of limonene, principally ^rodimoncne, it forms the greatci 
part of several of the Citrus oils, especially orange and lemon. 
It also occurs to a considerable extent in iJill and caraway oils, 
The terpene has the following characters : — 


Boiling point . 
Sptcific gravity 
llefractive index 
Optica^ rotation 


17r>M70^ 

0*848 0-850 
1-4745 

+ 105° or — 105° 


For the classic synthesis of this terpene by W. H Perkin and 
his pupils, see ttic following: W. H. Perkin, Lecture to the 
Pharmaceutical Society, May, 1012 Jour. ChenL Soc., 1904, 85, 
416, 654. 

Sylvestrene.— Sylvchtrone is a terpene found to a considerable 
extemt in Swedish and other turpentine oils. As is the case 
with limonene, tlie inactive vaiiety, which is j^roperly termed 
f-sylyestivne, is eoinmouly termed earvestrene. 

,The purest specimens of walural sylvestreno so far prepared 
(and winch are always dextrorotatory) had the following 
characters — 


Boiling ])(»int* . 
Wpu trH‘ giavily 
PvflradiVi iiukx 
Oj)tL(<d lotatiou 


17f)°-180° 

0- 851 

1- 4757-1 -4;/ 70 
+ 60° to + 80' 


It is, however, possilde that the sylvestreno isolated from 
Swedish tur]jentiiie oil is a mixture of more than one terpene. 

SylvestiewHhias been completely synthesised by W. 11. Perkin 
and liis pupils. 

Phellandrene. — There are two isomeric terpenes knowm as 
phcllandrcne, a phellandrene and jS-pliellandrene TlK^y aie found 
in a number of essential oils, especially eucalyptus oils and water 
fennel oil. The purc*st specimens yet isolated had the cliaracters 
shown on p 7 JO. 

Wallach has prepared a-phellandreno synthetically {Annalen, 
869, 265). 

Terpinene. — Throe terpenes are knovm as terjiincno : a-tor- 
pinene, j3-terpinene, and y-ierpmeno. Only the first and the last 
have been foimd in nature. The chemistry of these terpenes is 
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not well understood, but Semmler {Berichte, 1908, 41, 4474 ; 1909, 
42, 522) has done much to elucidate their constitutions. 



dertro- 

a-Phcllandrene. 

dettro-j3- 

Phellandrene. 

laeio-a- 

Phellandiene, 

Specific gravity 

0-844 at 19“ 

0-852 at 20“ 

0-848 at 15“ 

Boiling point 

175° 

— 

1 174“ 

Refractive index 

1 4732 1 

1-4788 

1-4769 

Optical rotation . 

+ 40“ 40' i 

1 

1 

+ 14“ 45' to 
+ 18“ 30' 

- 84“ 10' 


Terpinolene.— This torpeno is rarely met with in nature, but 
forms a considerable proportion of the residues from terpineol 
manuiacturc. The commercial “ terpinolene is principally such 
residues containing a substantial quantity of the terpene. Pure 
terpinolene has the following characters : — 


Specific gravity at 20*^ 0*854 

Kefraclive index 1*4840 

Jloilmg point . 183''~185” 

Optical rotation . + 0° 


For further details of the above and other torpenes, the general 
literature indicated above should bo refeiTod to. 

The only two so-called oleJinic lerjienes that are commonly 
found in any essential oils are myreone and ocimeno. The former 
is present in oil of bay. West Indian lemongrass oil, and a few 
otherKS, w'hilst the latter is present in certain types of basil oil. 
The characters ot these olefinic terpenes are ditlerent from those 
of the terpenes proper, the si^cific gravity, especially, being much 
lower. The two bodies mentioned have the follow ing characters : — 


^ M^Keie. Otirnene. 

Specific gravity . 0*801 . . 0*803 

lie tract ive index 1*4700 .. 1*4850 

Boiling point . . . 167° . . 172° 


TERPINENOL. — ^This alcohol, of the formula CioHigO, is 
prebcnt in the essential oils of marjoram, cardamom, juniper, 
cypress, and nutmeg. It is prepared artificially by treating 
sabineno or thujenc with dilute sulphuric acid. It is doubtful if 


it has been isolated in a pure condition, but Wallacli {Anmlen, 
1907, 356, 215) gives the following as its characters : — 


,>iBoihng point . 

Specific gravity at 19° 
Refractive index at 19° 
Optical rotation * 


209°-^212° 
0*9265 
1*4785 
+ 25° 4' 


740 




PERFUMMS7. 


TERPINEOL . — ^Tliis substance is one of the most valuable, 
and one of the most largely employed of the cheaper artificial per- 
fumes. It is usc^ in all perfumes of the lilac and lily of the valley 
types, and is employed on a large scale in soap perfumery, not 
only on account of its low price, but also because it is very stable 
towards both heat and free alkali. There are a large number of 
isomeric terpincols, of which several have been prepared arti- 
ficially, and one or more found naturally a few essential oils. 
Commercial terpineol is a mixture of at least two, or possibly 
three, of these isomers. 

Although the greater part of commercial terpineol probably 
consists of crystalline bodies melting at over 30^^, the mixture 
— containing injjmrities, such as, probably, a third isomeric 
liquid ter])ineol — is a li(|uid vhich docs not cr 3 ^stallise. The 
purified isomers are not commercial ai tides, and need not be 
described here, as they have no interest at all to perfumers A 
properly prepared commercial terpineol should have the following 
characters — 


8pf cific gravily . 
Boiling point 
Rcfnictivc index 
Optical rotation . 


0- 033-0*011 
217 ^- 220 " 

1- 4S00~ld840 
Not more limn 

+ r' to -- 2' 


Naturally-occurring terpineol is always highly optically active, 
upto-i 100^ or -1 00 ^ 

Fuller and Kenyon {Jour, (%om 8or , 1024, 2304) have descrilx'd 
a method fdt tho res(»lution of a terjnneol into its ofitieally active 
varieties. This nudhod depends on the fractional ciy ^tallisalion 
of the brucine and morphine salts of the hydrogen phllmlic esters 
of the Icrpmcol The optical ac (i\ ity of a terpineol has jirovi d to 
be ± 100*5^-. 

The isomers constituting the bulk of artificial commercial 
terpineol are a-tcrpiiieol and B-terpjn(‘ol. which, in a pure con- 
dition, have the following characters - - 


a Terpmeol Terp?neol, 

Melting fioint 35"^ . . 32''~33° 

Bcnling point . 217^-218^ , , 2 10° 

Refractive index 1-4808 .. 1*4747 

Specific gravity 0-035-0-040 . . 04)2^ 


Terpineol is manufactured fro m turpentine oil as the Parting 
point. Tke first pari of the process is the hydration of the fcerpenes 
with formation of torpin hydrate One hundred and fifty litres 
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not well understood, but Semmler {Berichte, 1908, 41, 4474 ; 1909 , 
42 , 622) has done much to elucidate their constitutions. 


1 

i 

dertro- 

a Pheilandrene. 

de^tro ft 
Phellandiene. 

laev0-a- 

Pheilandrene. 

Specific gravity 

0-844 at 19“ 

0-852 at 20® 

0-848 at 16° 

Boiling point 

175° 

— 

174° 

Refractive index , . 

1 4732 

1-4788 

1-4769 

Optical rotation . 

+ 40° 40' 

1 

+ 14° 45' to 
+ 18° 30' 

- 84° 10' 

1 

1 


Terpinolene. — This terpene us rarely met with in nature, but 
forms a considerable proportion of the residues from terpiixeol 
manutacture. The commercial terpinolene ” is principally such 
residues containing a substantial quantity of the terpene. Pure 
terpinolene has the following characters . — 


Speedic gravity at 20*^ 0*854 

Ri fraetive index 1-4 840 

Boiling point . 183"’~185'^ 

Optical rotation , 4; 0"^ 


For fui ther det<iil?> of the above and other terpenes, the general 
literal ur(‘ indicated above should be referred to. ' 

The only two so-called oleiinic ierpenes tliat are commonly 
found in any essential oils are myreenc and ocimeno. The former 
is present in oil of bay, West Indian lemongrass oil, and a few 
others, whilst tlie latter is present in certain types of basil oil. 
Tin* characters of these olefmic terpenes are dillerenV from those 
of the terpenes r, the spccilic gravity, especially, being much 
lower. The t w^o bodies mentioned have the follow ing characters : — 


^ MjKei© Ouimene, 

Specilic gravity . 0-801 . , 0-803 

R( fi active index 1-4700 .. •1*4850 

Boiling point . . . 167^ . . 172^ 


TERPINENOL.— This alcohol, of the formula OioHigO, is 
present in the essential oils of marjoram, cardamom, juniper, 
cypress, and nutmeg. It is prepared artificially by treating 
sabinene or thujeiie with dilute sulphuric acid. It Is doubtful if 
it has been isolated m a pure condition, but Wallach {Annakn, 
1907, 356, 215) gives the following as its cliaiacters : — 

, Boiling point ..... 209^-212® 

Specific gravity at 19® . . . 0-9265 

Rtfractive index at 19® . . . 1-4785 

Optical rotation . . . . + 25® 4' 
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TERPINEOL. — ^This substance is one of the naost valuable, 
and one of the most largely employed of tlie cheaper artificial per- 
fumes. It is used in all perfumes of the lilac and lily of the valley 
types, and is employed on a large scale in soap perfumeiy, not 
only on account of its low price, but also because it is very stable 
towards both heat and free alkali. There are a large number of 
isomeric terpineols, of which several have been prepared arti- 
ficially, and one or more found naturally ip a few essential oils. 
Commercial terpineol is a mivture of at least two, or possibly 
three, of these isomers. 

Although the greater part of commercial terpineol probably 
consists of crystalline bodies melting at over 30 ^ the mixture 
— containing in^puiities, such as, probably, a tlnrcl isomeric 
liquid terpineol — is a liquid vhich does not ei\st<illise The 
purified isomers are not commercial ai tides, and need not be 
described here, as they have no interest at all to pcifuiners. A 
properly prepared oommeicial terpineol should ha\e the following 
characters — 

»Spc( ifie gravily . . . 0*933~0*941 

Boiling point . 217=^-220'^ 

Tl( frac live index . l*4800-b4S40 

* Optical rotation . . Not mondlian 

• • +2^0 --2" 

Naturally-occurring terpineol is always highly optically active, 
up to + 100 or — 100^ 

Fuller iiud Kenton (Jour Chem Soc , 1924, 2304) liave ch scribed 
a metliod fcfl* tlie resolution of a terjuiKC^ into its o]>fifalJy aeiive 
varieties This nuthod depends on the fractional ( rystallisation 
of the brucine and morphine salts of the hydrcjgcn plifh die eders 
of thetcip neol Theoptical activity of a tcrpin(‘()] linsproved to 
be ± 100-5^^.-- 

The isomers constituting the bulk of artificial commercial 
terpineol are a tor])ineol and B torpinc'ol, which, in a pure cc>n- 
dition, liave the following ( haraeteis — 

a Terpineol Terpineol. 

Melting ftoint 35“ , . 32°-33“ 

Boiling point. . . 217°-218° .. 210“ 

Refractive index . . 1'4808 .. 1*4747 

Specific gravity . . 0*935-0*940 . . 0*923 

Terpineol is manufactured from turpentine oil as the starting 
point The first part of the process is the hydration of the tcrpencs 
tvith formation of terpin hydrate One hundred and fifty litres 
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of oil of turpentine and 100 litres of nitric acid (specific gravity 17’ 
to 21 Baun}(?) aie mixed m a stone^vare vessel, the specific 
giavity of the acid being clioscn according to the tempciature — 
higher in cold weather and lower m hot weather The mixture 
IS agitated by a wooden stiircr, pieferably made of pitch pme, 
which resists the action of the acid better than any other wood. 
The temperature should not be allowed to rise, and the extreme 
temperature when acid of 17° is used should be 30° C , or when 
aeid of 21° is used 2 >° C If nitious fumes are evolved, it means 
that the tempeiatuie is too high, and the jitld will be low The 
separated tcipin with unalteied turpentine is rendered alkaline 
with sodium caiboriate, and the unaltered turpentine distilled off. 
The tcrinn h;ydrate is wislied with water to ipmove excess of 
alkali, when it should form biilliant prismatic crjstals melting 
at 116° It IS optic ally inactive It is now deh^chatecl by means 
of a suit ible »icid pho^plicjiic acid being the best for the purpose. 
It sliould bo used in the propoition of 2 to 3 ])cr 1,000, and the 
nuxtuic boiled, when crude tcipincol ic suits winch is jnirificcl by 
distillation 'J he residues after this distillation, contain a certain 
amount of tc rjimcol, togc^thci with numerous other more or less 
odoicms subst mcc s not identified IJns icsidue is sold under the 
name * tc^nnede nc'^ ^it is not to b^ eonrii^c d witli the terpene* of 
this ffainc ) and is used in the \ciy chc ipest soaps as a per- 
fume , or icn jKifuming boot blacking and similai inexpensive 
piocluc K 

B iibic^r ^and^ (nignard (Compter licndu^, 1907, 145, 1425) 
recoinim nd tiu following method for tlie piepaiationuf terpmeol 
One kilogram of piiieno, 1 kg of glacial acetic acid, 100 cc of 
ace tic aiihydncle, and 100 c e of a 50 per cent solution of benzene 
mono sulphomc acid are mixed The temperature uses to about 
70° In two houis the oily hcjuid is washed with water and 
distilled Tiie poition distilling below 85 at 15 mm pressure is 
prmcipally unaltered pmene The remamde^r is saponified, and 
tlie resulting product is distilled The yield of tcipineol is 
30 per cent of the thcoictical Bertram and Walbaum give 
the fellowing method Two kilograms of glacial acetic acid 
are mixed with 50 grams of water and 50 grams of sulphuric 
acid Into the mixtuie, winch should not be allowed to rise above 
50°, 1 kg of rectified turpentine oil is poured, m portions of 
200 grtiiffs at a time After cooling and standing, the liquid is 
diluted with water and shaken Avith caustic soda solution The 
product now consists of terpmeno and terpmvl esters, which are 
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separated by fracti3nal distillation. The esters, on saponification, 
yield terpincol, 

TERPINYL * ACETATE. — ^This ester of tcrpineol, of the 
formula CjoHi^OOC CH^, is, from the legitimate point of view, of 
but little interest to the })erfumer, as its odour, although refrcsliing, 
is too weak for it to be of much practical value. From the 
illegitimate point of view, it is, however, of coiibidcrablc interest, 
as it is one of the artificial csteis fre(|ucntl^^ used as an adulterant 
of essential oils containing esters It is more especially used in 
the adulteration of lavender, petitgram, and berg<imot oils. It 
exists naturally in a number of essential oils, but is as a com- 
mercial product entirely manufactured artificially. If tcrpineol 
be heated undgr a reflux condenser with acetic anhychide and 
sodium acetate, it is converted into terpinyl acetate, but the 
conversion is not complete, the resulting product laiely containing 
more than 90 per u nt of Inie ester Tlie best commercial 
samplcto have the following characters — 

fSfKCifi( gravity . , . ()*958“()*9r)5 

Optical rotation . . Almost innclivo 

lraeti\( index . l*4(>4S-l’4()()r) 

E^krcontcnt . . . About 90 jxi i(nt. 

It is soluble in 5 volumog of 70 per cent alcohol Terpinyl 
acetate is an eMei which requnis a mueli longer timo for complete 
saponification than most other esters Its piesence can theieforo 
be reasonably infciied if an essential oil givers a Rapomheation 
value winch is sub'stantially higher after two hours’ saponification 
th<in after*thirtv minutes’, as most natural esU'is arc saponified 
completely in the lalte’r ])enod 

TERPINYL BUTYRATE.-~-This ester has the formula 
Ci 0 llj 7 ()OC (‘II 2 It IS an oil of chara<qeiistic fiuity 

odour, ancK -ffsefiil in flor<iI perfunK' mixtures. It lias been found 
naturally, ocfuiimg in the oil fioin the New South Wales 

mountain pine.” 

TERPINYL CINNAMATE.— The cinnamic acid ester of 
tcrpineol, r’jolli? OOC CH CH CgH^, is a swwt fragrant oil, 
useful in the preparation of lilac, new>mown hay, and similar 
perfumes. 

TERPINYL FORMATE, — This ester, of the formula 
C 10 H 17 OOCH, has been isolated from Ceylon oil of^evdamom. 
It is a liquid of sweet odour, somew^hat resembling tlie correspond- 
ing ester of citronellol or geraniol. It is used m the preparation 
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of some artificial neroli oils. It can be prepared either by the’ 
esterification of terpineol by formic acid or by the prolonged : 
action of formic acid on turpentine. It has a specific gravity ' 
J 0‘998, optical rotation about db fi9°, and boils at 135® to 138® at 
< 40 mm. 


TERPINYL PROPIONATE.— This ester, CjoHj^OOC.CHa. 
CH 3 , has a distinct lavender odour. It is prepared by the esterifica- 
tion of terpineol by propionic acid. It is recommended for 
- admixture with lavender and bergamot oils for cheap soap 
' perfumery. 


TETRADECYL aldehydes. — T he commercial article 
'sold as Ci 4 ” aldehyde, or frequently as “ peach aldehyde,^’ is 
one of the most powerful of the higher aliphatic* aldehydes, and 
although it is of great value in the rounding off of floral and fruity 
odours, it must be used in very minute quantities, or the compo- 
sition will be ruined. It is in all probability a mixture of two or 
more isomers with, possibly, a lactone. The normal aldehyde has 
the formula ^^(CHaljoCHO. A dimethyl-duodocyl aldehyde 
isomeric wilh the norniol nldeIi 5 ^do oxisls, and has the formula 
CH 3 (CH 2 ) 8 .CH(CH 3 )OH(CIl 3 )CHO. It is pre])ared in the following 
manner. Nonyl-mothyl ketone is condensed with bromopropignic 
ester, zinc (activated with copper), and benzene (Reformatski’s 
reaction). The hydroxy ester formed fjy the action of water on 
the organometallic condensation product is then dehydrated by 
means of phosphorus pentoxide which gives rise to racthyl-nonyl 
acrylic ester, which on reduction yields dimcthyl-duodccyl alcohol, 
and this is dehydrogenated to the aldehyde. (See P. <£ E, 0. J?., 
1924, 79.) 

The normal aldehyde, with its intense peach odour, can be 
prepared from methyl myristatc in the same manner as undecyl 
aldehyde {q.v.) from methyl laurate. 


TETRAHYDRO - para - METHYL - QUINOLINE.— This 
body is a reduction product of methyl-quinoline, and is an evil- 
smelling liquid, resembling civet in odour. It is sometimes used 
as a substitute for civet, and enters into the composition of 
artificial civet. 


TETRANTHERA CITRATA.— See ‘‘ Litsea Oils.’’ 


THUJA LEAF OIL. — ^The leaves (and young twigs) of the 
leaves otmT‘io%ija occidentalis {Arbor vitce) )deld from 0-5 to 1 per ^ 
cent, of essential oil. This has an odour similar to that of tansy, " 
and is used in small quantities as a fixative. The principal odorous 
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ooxistituent of the (51 is the ketone thujone 
following characters ; — 

Specific gravity 
Optical rotation 
Acid value 
Ester value 

Ester value after acet j latiou 


The pure oil has the 


0-910-0-935 
- to -- 1C 
0-1 
18-27 
20-4 T) 


The leaves and twigs of Thuja plicata, fllie Wasliington cedar, 
yield an essontial oil of similar odour, also rich in thujone It has 
the followmg characters * — 


Specific gravity 

0-913 

OpticjJ rolatjfjn 

— 4-77 

Refractive index 

1-4552 

Acid value 

0-5 

Ester value 

2-3 

Ester value after aeetylation 

K.<i 


THUJONE. — Thujone, CioIIie^, the charaetor^tic ketone 
found in tlie essential oils of thuja, tansy, wormwood, and sage, 
and is idontifal with the bodies onginnily described under the 
nanqps ianaoetonc and salvone It is an oil of sharp aromatic and 
svunewhat ‘‘ hed\y ” odour. •Wtillach considers that there are two 
physically isoinoiic thujones, of which that in thuja oil is termed 
a-thujone, and that m oil of tansy ^ thujone. Wormwood oil 
contains both isomerg, the variety prepondeiating Sage oil 
also contains both isomers 
The chaActers of a-thujone arc as follows . — 


Boiling point . 200*" 201'' 

Specific gravity 0-012r) 

Rrfr.ictive index 1*4510 

Spruiie rotation — 92' 

jS-Thujone is a physical isomeride, but not the optical antipode 
of a thujone. It has a specific rotation -) 70*10', (See E. J. 
Parry, The Chemistry of Essential Oils,’’ 4th cd , vol ii., 
pp. 235-23r.) 

THUJYL ALCOHOL. — This alcohol, having the formula 
CioIIi 7 -OH, is found naturally in the essential oils of wormwood, 
thuja leaves and others, and also results from the realisation of 
the ketone thujone It is identical with the alcohol originally 
described as tanacetyl alcohol. There appears to be more than 
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body described under this name, Semml(^ having describei 
natural alcohol as having the following characters : — 

l ' Boiling point .... 210®->212® 

f ; ' Specific gravity at 20° . . 0-026 :> 

' I^^fractive index . . . 1-4635 

V Paolini (AU, R. Accad. dpd Lined, v., 20, i., 765) has separated 
from the reduction products of thujone an alcohol which he 
terms j8-tliujyl alcohol. This body has, vhen purified, the 
following characters : — 


Boiling point . 

Specific gravity 

Refractive index at 16° 
Specific rotation 


206° 

20 ° 

0- 0187 at 

1- 4625 
+ 116-9° 


THYMBRA SPICATA, OIL .-^Tliymhra spicata is a 
shrub belonging to the natural order Lahiakjc, and is indigenous 
to Greece and Asia Minor. ^Schimmel Co. {Report, October, 1910, 
147) have distilled lli(‘ herb grown in Smyrna, and obtained' 
1*5 per cent, of a yellow oil having an odour of thyme and 
origanum. It had a specific gravity 0-946, refractive index 1-5067, 
and was optically inactive. It contttined about 66 per cent, ol 
carvacrol. 


THYME, OIL OF. — The most valuec} oil of thyme is the 
French distillate, which is obtained from the fresh flowering herb 
in the mountains in the south of France. The plant used for 
distillntion purpose s is Thymus vuhjaris. The oil has the following 
characters : — 


Sj)c(ufic gravity 
Optical rotalion 
Refractive index 
Phenols 


0- 900--0-035 

- 0° 3(rto*- 4' 

1- 4800-1 -4950 
20-40 per cent. 


The phenols present are mainly thymol mixed with a small 
quantity of carvaci'ol. There arc two commercial vaDietics of the 
oil recognised, the red and the white. The red oil owes its colour 
to traces of metals, princi})ally iron, derived from the stills 
and condensers used. By suitable rectification in vessels where 
there is^id' contact with iron, the white oil is obtained. It was 
some years ago a common practice to adulterate pale red oils with 
enormous quantities of oil of turpentine in order to produce 
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wliite thyme These oik often contained only 1 or 2 per 
cent, of phenols, and are not now often found on the market. 

Spanish oil oT thyme has for some years been a market article, 
and was up till recently distinguished by its high phenol content, 
which consisted mainly of carvacrol, the oil having the following 
characters : — 

Rpeeific gravity . . . 0-928~0-958 

Optical rotation + 2^^ to — 4*^ 

R( fractivc index . •1*5025-1*51 15 

Phenols . . 50-75 per cent. 

The variable character of these phenols, which, although usually 
found to consist almost entirely of car\acrol, weie from time to 
time found toJi)e iich in thymol, caused considerable speculation 
as to the actual species yielding the oils. Mr H llubeck, in 1920, 
obtained specimens of the plants which yielded oils so rich in 
thyifiol that it can be profitably manufactured therefrom, and 
caused them to bo examined botanically. E. M. Holmes (P. cf* 
E. 0. Ji., 1920, 339) showed that the plant mainly responsible for 
the oil containing plienols which were almost entirely thymol 
was Thymus zygis var. grudhs. The sj)ecie8 has a \aiiety, 
Thj/mvs zyqis var. florihuvda, which yields an oil almost free 
from thymol. The oil conjaining carvacrol is jirobably distilled 
from more tlian one species of Thf/mtis, including Thymtin vulgaris. 
According to the Chemist and Druggist, 1920, li., 59, there arc at 
least two dozen species of Thymus which occur in Spain, and 
several of them are* of interest. The common thymes of these 
islands, 'J*. vuhfans and T. Serpylhnn, grow also m Spam , indeed 
the former, known as “ Toniillo comun," is a native* df Spain, and 
is said to have been introdiu od into Biitain about 1548 or eailier. 
Spanish verbena oil is obtained from 7\ hyeviah'^, a s[)e(d(‘s closely 
allied “ lemon thyme,’’ T, cilriodorus, T, 3Jabti( Inna, 

known as “ Tomillo Idanco,” is also a well known spedes, which 
yields oil of w^ood marjoram, although in Portugal the wood 
marjoram or “ ourogao do mate ” is another species — i e., T, zygis, 
T, Mastichina was used in Britain at the end of the eighteenth 
century ds an errhine, under the name of Mamin nuhjare or 
common herb mastich. The flowers are white, not the usual 
purple ; hence the Spanish name. Still another species is 
Loscosii, known as “ Tomillo Sanjuanero.” This is not at 7)rcsent 
of economic importance, but it is common in Aiagoii afid^lse where. 

Interest at prc'sent, however, centres in the thymol-j ielding 
species, Thymus zygis L, which adds one more to the list of 
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species coritainirig this valuable phenol. Thd^ already included 

/T, vulgaris i Ocimum viride of the Seychelles, Monarda punctata 
or American horsemint, among the Labiaice, and Carum copticuA 
in the UmhelUfcrce. The distribution of these species, both 
geographically and botanically, suggests that there are still a 
number of undiscovered sources of thymol. The most important 
point in the botanical identification of the specimens sent to 
: Mr. H. Rubcck is tha^ they all belong to one particular variety 
of Thymus zygis L. There are two well-known varieties, namely, 

Boiss., and all the speci- 
mens yet examined are of the first kind. Thymus zygis L. 
var. gracilis Boiss. is therefore the correct botanical name of the 
new source of thymol. It is important that this should be recog- 
nised at an early stage, since it is quite probable that the var. 
,„floribunda may yield an oil with characters and content quite 
different from those of the oil obtained from var. gracilis. Pro- 
ducers of thymol should be quite certain of their raw material, 
and before var. Jlorihnnda is used a thorough investigation of a 
sample of the oil is suggested. In order to make identification of 
genuine var. gracilis easy, the differences between the two varieties 
are given below. ^ 

Thymus zygis L. is common aln^ost throughout Spain and 
Portugal, occurring in oak and other woods, in deserts and dry 
gravelly places among the .sierras of the ocmtral, eastci'ii, and 
southern provinces ; at Lcrida and Balagucu*, in Cataluna ; at 
Praga, Odon, Zaragoza, Benasque, Tarazona, and at an altitude 
of 5,000 feet on the Pena de Oroel, in Aragon ; at Bcq’arj in Le6n ; 
at the moniistery of Santa Espina, on Mount Torozo, at Valla- 
dolid, Venta de Banos, Alar de Rey, and Cervera, in Castilla 
la Vieja ; at numerous places throughout Castilla la Nueva ; at 
Muryiedro and Valldigna, in Valencia ; at Archenaja.n4 Albacete 
and on the Sierra de Segura, in Murcia ; at numerous places 
throughout Andalucia ; at Alange, Membrio, and in the environs 
of Plasencia, in Estremadura ; and at Tras-os-Montes, in Portugal. 
As a consequence of its wide distribution, the common names for 
the plant vary greatly. In Portugal -it is known as “ Ouregao do 
mato,*’ or wood marjoram ; in the Balearic Islands it is called the 
Seilorida de flor blanca ” ; in Catalonia it is Fcrrigola ” or 
Farigola salsera ” ; but the Castilian names are still more 
varied. Sfa^ most frequently occurring is “ Tomillo salsero,’^ or 
S^,Uce thyme, from its use as a condiment ; others are Thymo 
de Espafia,” “ Tomillo salscro de Toledo,” ” Tomillo aspero,” or/ 
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JoTi^ thyme ; fiferpol de penas/’ or rock thyme ; Ajedrea 
menuda espailola/’ or common Spanish winter savory (the tru^ 
winter savory ft Satureia hortensis, another labiate) ; “ Tomillo 
terrero/^ or humble thyme ; “ Tomillo aceituncro ’’ and Tomillo 
de aoeitunas/* or olive thyme ; and ‘‘ Almoradux de la tierra en 
Ronda/’ or sweet marjoram of Ronda. 

The species T. zygis L. is very similar to T, sylresiris and 
T. vulgaris, but is easily distinguished by the comparatively large 
white hairs or cilia at the bases of the leaVes. Linne noted this 
when he described the species as Facies T. vulgaris at Folia hcLsi 
ciliata.^* The flowers are described as purple or white, and the 
white form is evidently the only one occurring in the Balearic 
Islands. The two varieties were first described by Boissior Voy, 
hot. dans Le *Midi de TEspagne/’ 1830 - 45 ) under the name 
T. ienuifolius, but he afterwards agreed that his species, iemifoUus, 
was exactly the same as Linne’s T, zygis. The species was known 
to Theophrastus as SerpylJum zygis, and var. gracilis is ligurod 
under that name by Barrelierus (“ Icon. Plant. Ual. Hisp. et 
Ital.,’^ Tab. 777 , 1714 ). 

Thymus :ygisli. var. gracilis BoisB. — ^This variety differs from 
var. jlorihunda Boi.ss., in its simple branching habit. TJio linear 
leafes have their margins incurved to the midiib, and part of the 
Ihmiiia cannot bo seen as in jloribunda. Tho partial inflorescence 
is tho usual cluster or vertieillaster ; in var. gracilis all the clusters 
are practically sessile in the axils of the bracks, but in Jlorihutuia 
tho lower clusters arer raised on quite long stalks. This is quite a 
btrikijig diflcrcnce when tJie plants are in bh om. Tlie flower 
itself in var. gracilis has a short pedicel or stalk, while that of 
Jloriljuuda is quite sessile. The corolla is more deejJy inserted 
into the calyx, and the long stamens are not exserted to tho same 
extent as mjlorihunda. The calyx is two-lipped, with three ovate 
lobes in tljV upper and two eiliate awns in tlic lower lip. These 
lips diverge more in gracilis than in Jloribunda, the upper lip in 
the former being almost recurved in the mature calyx. At the 
throat of the calyx tube, on tiie inside, is a line of hairs, and this 
line dips dojvn to the more deeply cleft lower lip in gracilis, whereas 
it is almost straight in Jloribunda. The stations recorded for 
var. gracilis are in Castilla la Nueva around Madrid in the Casa 
de Oampo ; in Murcia at Hellin, and between Totana and Lorca ; 
in Andalueia between Alhama and the brow of Siejira^Tejada, 
and in the pine woods of Puerta Real. This variety is therefore 
not such a decided alpine as -var. Jloriiunda, which occurs at an 
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altitude of 3,500 to 4,000 feet in the environs c^E Chosa and Settles, ; . 
and at Molina, in Castilla la Nueva ; in Murcia ; and at an altitude 
of 3,000 to 5,000 feet on the Sierra de Gador, on tlie Sierra Nevada ^ 
between Cadiar and Trevelez, and on the heights of Granada in ’ 
Andalucia. ! 

It will be seen that, while some rather fine distinctions in the 
flowers arc necessary to establish the identification of the varieties, 
they can bo distingui,shed in the absence of the flowers by the t, 
greater recurving of the margins of the leaves in var. grcLcilis, and 
still more easily by the general habit ; var. gracilis when dried 
yiidds c(>mpict bundles of stems, each bundle being one plant, 
while var. florihvnda yields a loose, somewhat tangled mass, 
because of the crce|)ing rhizomatous habit of Ijae main stem, ; 
The species as a whole is widespread and common, but it remains 
to be determined whether careful conservation, and possibly 
cultivation, are necessary ; var. gracilis is more easily collected 
on account of its lower stations, but those at present known are 
few, and further unguarded exploitation of the wild plant might 
result in the substitution of var. floribunday with possible discredit 
to the reputation of Spanish thyme as a source of thymol. 

Dr. Biaquo obtained, by the distillation of 4*63 kg. of the 
flowering tips of 1\ zygis var. graci^Sy 48*50 grams of esseritia|l 
oil, ec^ual to 1*048 per cent. The oil lias a light greenish -orange 
colour, and the characteristic odour of thyme oil. If left in a 
cool place, it deposits small crystals of thymol. On analysis it 
yielded 74*11 per cent, of total phenols, and 51*18 per cent, of 
crystallisable thj^mol. A sample of oil of T. zygis received direct 
from Barc(Sona was distilled for comparison, and gave 73*18 per 
cent, total phenols and 48*68 per cent, thymol. In all the analyses 
the thymol crystallised very rapidly in very pretty crystals. 

According to Mastbaum (Ckem. Zeit.y 1921, iu, 18), the oils 
richest in phenols distilled in Spain are those from Corydothymus 
capitatus, whose phenol content is from 55 to 67 per cent. 

The plant Thymus mastichina, the so-called wild marjoram of 
Spain, yields an oil which has been examined by Dorronsoro 
(in a paper read before the Soc. Espan. Fisic. y Quinsfc., October, 
1910). The oils upon which he worked included pure distillates 
of the years 1898, 1902, 1908, and 1909. The oil is a pale yellow 
to yellowish-green liquid, which darkens by keeping. The specific 
gravity «r af led between 0*907 and 0*945 at 20°, and the refractive 
index at 28° between 1*4630 and 1*4654. The optical rotation 
varied from — 0*7° to +•‘4*5°, and the oil was soiuble in from! 
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i to^O volumes of 'A) per cent, alcohol. At 710 mm. the following 
fractions were obtained (from a 1909 distillate) : — 


* 

Between 

86® 

and 110° 

, . 3* 1 per cent. 

a 

no® 

ico° 

. 3*65 


a 

160® 

„ 170° 

. 23*1 

>> 

it 

179® 

180° 

. 36*9 

>) 

f) 

180° 

„ 195° 

. 17*4 

>> 

Residue 

• 


. 25*9 

• 



The following table shows the characters of the fractions ob- 


tained by a distillation under reduced pressure (98 to 100 mm.) : — 


Tomperafuro. 

• 

Per cent. 

Kefraotive index 
at 22°. 

Potation. 

To 100° ^ 

2-65 

1*4600 

+ 3® 41' 

100°-1 10° 

1 4.3*0 

1-4002 

+ 4° 

110°-120° 

! 28*55 

1*4605 

+ 1® 58' 

120°-12r)° 

6*25 

1*4617 

0® 

125°-14r)° 

10*25 ; 

1*4057 

- 3® 

145°-1C0° 

3*75 

1*4718 

- 4® 10' 

100°- 175° 

3*05 

1*4784 

- 1® 55' 

, Rcf-idiie 

2*5 

— 

— 

• 

• 




The five samples of oil examined had the following characters : — 


-■» 

1898. 

1002. ^ 

1008. 

1000. 

1009. 

Saponification vahio . 

18*,5 

14*3 

16*3 

12*7 

17*4 

Ebters as linalyl acetate 

6*47 per 

5 per 

5*7 per 

4*4 1 per 

6*09 per 

Ester value .after 

cent. 

cent. 

cent. 

cent. 

cent. 

■acetylation 

42*4 

38 

49*3 

1 29-2 

1 45*6 

alcckols as linalol 

12-05 per 

10-75 pc^T 

14*09 p{ V 

8*20 pi r 

13 per 


cent. 

cent. 

i 

cent . 

c('nt. 

cent. 


The autlK)r considers that the oil has the following approximate 
composition : d pinene, 7 to 8 per cent. ; eiicalyptol, (>4 to 72 per 
cent. ; phenols, 1<‘8S than 0*1 })er cent. ; ketones, l<‘ss than 0-1 per 
cent. ; esters, 4 to 6-5 per cent. ; and free alcohols, 8 to 14 per cent* 
Leone and Angelescu (Gazzelta, 1922, 62, i., 162) ha^ ^ jcaminod 
the- oil obtained by the steam distillation of the dried plant 
Thymus strialusj of Italian origin. Th«y obtained 0*342 per cent. 
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of a lemon-yellow oil with a powerful aromafcic odour. It ^ad 

specific gravity at — , 0'9181 ; refractive index, 14037 at 24® ; and 

Optical rotation, — 4-3®. The oil contained 30 per cent, of thymol, 
about 9*5 per cent, of alcohols, 3 per cent, of esters, and hydro* 
carbons consisting principally of cymene. A small amount of a 
sesquiterpene was also present. 

J. C. Umney (P. da E. 0, P., 1914, 423) examined three samples 
of oil from I'hymns vulgaris which were of exceptional interest. 
The oils were distilled in British East Africa from plants grown 
from seeds obtained from Messrs. Sutton & Co., of Heading, and: 
from young plants obtained from the same source, and from seeds 
obtained from a French source. 

The oils had the following characters : — 


Source, 

Yield. 
Per ceut. 

Specific 

gravity. 

Phenob, 
Per cent. 

Eofractive 

indo3C. 

English seeds 

0*5 

0*001 1 

i 

I 32 

1*4900 

English plants 

0*7 

0*905 1 

[ 32 

1*4768 

French seeds 

0*38 

0*905 

i 

i 40 

J 

1*4908 

r 


ThyrmiS capitatus yields an oil having a specific gravity about 
0*900, containing both thymol and carvacrol. Thymus camphoratus 
yields a similar oil. 

Fellini (Ann, di Chim, Applic., vii., fasc. iii.) states that 
the oil from Thymus capitatus grown in Sicily differs entirely from 
the Spanish oil from the same plant. The oil examined by him 
had the following characters : 

0*950 
- 0 ®^ 3 ' 

1*5048 
3*5 
3*5 

67 per cent. 

The phenols were found to consist almost entirely of carvacrol. 

Essential oil of T, capitatus is being produced in Spain on an . 
increasing scale, and it deserves investigation on the ground of 
its high phenolic content. It is sold largely a ^ oil of thyme, and 
the speq^es^yielding it is very plentiful in Tunisia. 

For a long time T, capitatus has been used in medicine. It was 
formerly known as Cretan.thyme, and its flower heads figured in; 
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tlie t'rench Codex 1818. It is very common in all the warm 
regions of the Mediterranean zone. In Spain the plant is very 
abundant in the*souih and south-east, and especially in Granada, 
Cadiz, Seville, Huelva, Malaga, and Cordova. America is the 
chief customer for the oil. In southern Italy it grows profusely, 
and its cultivation and distillation in Sicily have recently been 
suggested. 

Until the last few years the chemical composition of oil of 
y. capitatns seems to have been very imperfectly known. Gilde- 
meister (Oildemeister and Hoffmann, iii , p. 533) reported the 
results of an analysis by Schirtmel d* Co., which ascribed to this 
oil the following characters : A strong odour of thyme recalling 
a little that of origanum ; specific gravity, 0*001 ; slight content 
of thj^mol, only* about G per cent. ; also contairib a liquid phenol, 
apparently carvaorol. 

In 1922, Pfilazzo, in a study of the oils of T. capitatns distilled 
in Sicily, indicated that they contained about 75 per cent, of 
phenols almost entirely composed of carvacrol , at the same time 
this author mentioned the wide difference between his results and 
those reported by (oildemeister. Dr. B]a(jU(‘ has fully confirmed 
Palazzo‘s statement, and has only verified one jxmit in Sclmnrnefs 
analysis, tliat is, that oil of T. (apitafus has an odour reminiscent 
o^f origanum. The oils studied by Dr. Bla({uo came from two 
different countries. (I) Spain, about Malaga, aiifl (2) Tunisia. 
Spanish T. capitatns A lot of 3*770 kg. ot the (mtire flowcTing 
plant gave, w^hen distWled, 30 grams of oil, or 1*034 per cent. The 
oil contained ()3*08 pc^r cent, of total ])ljen()ls. No tr’aee of thymol 
could be crystallised , lienee tJie proportion c>f earvaei«if)] must be 
very high. Tunisian T capitafus : 4*800 kg. of the entire flowering 
plant distilled yielded 00 grams of oil, or 1*875 per cent. Total 
plienols in the ofi e<iuall(Ml 52*01 per cent The presence of thymol 
could not Ire detected. Both oils have a strong orange colour and 
the same odour of thyme and marjoram, the phenols in both 
cases being almost entirely composed of carvacrol. 

Thymus hyewalis yields the so-called Spanish verbena oil, (Sec 

Verbena ()il.’’) 

For the determination of thymol the usual method of ahsori)tion 
by 5 per cent . solution of caustic soda is usually ado]>ted. Kremt'rs 
recommends the following method : — 

Five cubic centimetres of the oil are weighed and 4.i'e^isferred 
to a glass-stoppered burette graduated in c c., and diluted with 
about an equal volume of petroleum etlier. The mixture is w^ell 


K—VQi.. u. 


753 


48 



tUbfvmssby 

shakoil witii a 5 per cent, solution of potassium hydroxide^and , 
allowed to stand until separation takes place. The alkalii^e ^ ^ 
solution is then run off and transferred to a 106 c.c. graduated ^ 
jftask. This operation is repeated until no further decrease in the \ 
volume of the oil takes place. The alkaline solution of thymol is 
made up to 100 c.c. or 200 c.c., as may bo required, with a 5 per 
cent, caustic soda solution. To 10 c.c. of this solution in a . 
graduated 500 c.c. flask is added a decinormal iodine solution in 
slight excess, whereupon the thymol is precipitated as a brown 
iodine compound. In order to ascertain whether enough iodine ' 
has been added, a few drops are tnansferred to a test tube, and a 
few dr()i)s of dilute liydrochloric acid are added. If sufficient 
iodine has been added, the solution remains brown ; otherwise 
the liqiiid is milky white, on account of the separation of thymol. 

If an excess of iodine is present, the solution is slightly acidified 
with dilute hydrochloric acid, and diluted to 500 c.c. From this, 
100 c.c. arc Altered off, and the excess of iodine determined ky 
titration wiili decnnormal solution of sodium thiosuli)hate. Each 
culuc cenfinictro of decinormal iodine solution consumed is , 
equivalent to 0-0013753 gram of thymol. 

TIIYMENE. — This name is applied to the waste product 
obtaiiH'd from oils rich in thymol. The n'sidue always contains 
a small (quantity of tliymol and has an odour alli(‘d to thyme, and 
is sold for cheap soap perfumery. It consists mainly of hydro- 
carbons. 

THYMOL. — Thymol is a phenol, having the constitution of 
isopropykmc/.a-eresol, C]oHi 40 . It is tlie principal coniitituent of 
many varidlies of thyme oil, and of ajowan seed oil, and is also 
produced by artificial methods. It is a colourless crystalline 
compound having a characteristic odour of thyme oil, melting at 
50^ to 52'", arid boiling at 232'" to 234°. It occii^s in. numerous 
essential oils, tlie proportions in the principal oils being as foUow^s 
(Pcllini, Amu di Chim. Applic., vii., fasc. iii.) : — 


For cent. 

Ilovarda pmicUiUt (United States) 64—80 

'I hjm'ns vulgaris . . 50*7.70 

Origanmn hirtvvi Lk. (Spain) . 60-60 

Piychotis Ajowan D. C. . . 45-55 

Origanvm virc7is var. sicttlmn . 50 

Mosla ja'ponica Maxim. . . 44-50 

'^C'hnUa luaruma L. . . . 40 

Thymus vulgaris (Italy) . . . 38 

„ „ Africa or England) 3’2-40 
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Ocimum viride (Sierra Leone) 

Per cent. 
32 

Thymv^ vulgaris (France) . 

. 20-40 

Thymus striatus (Italy) 

30 

Monarda punctata 

. 20-30 

Origanum jloribundum M. 

25 

Thymus vulgaris (Germany) 

. 20-25 

Satureja thymbra 

19 

thymus capitatus (Spain) . 

6 

Origanum vulgare (Rome) . . • 

. 2*2-()*7 


Thymol combines with chloral to form a compound molting at 
131® to 134®. The phenyl-urethane melts at 107®. 

Tliymol is prepared from those oils which are sufficiently rich 
in it, by extracting tlie oil wdth a caustic soda solution, and 
liberating the tliymol from the alkaline solution thus obtained. 

For details concerning the determination of thymol, see 
“Thyme Oil ” and “ Phenols, Determination of.’’ Thymol, like 
carvacrol, can be removed from alkaline solution either by stc^‘lm 
distillation or by extraction with ether. 

Blaque, in a brochure published on essential oils containing 
thymol (Paris, 1923; P. E, O. P., 1923, 154), advocates the 
use of the oil from Ocimum graiissimvm for the extraction of 
thyifiol. He gives the following account of the plant (see also 
“•Basil, Oil of ”) 

0. gratissirmm is a vigorous plant from 1 to 1 J metres high. 
It is widely spread in the East Indies, Ceylon, and Java ; in 
tropical Africa and ti^pical America. According to M. Rolland, 
the cultivation in the Ivory Coast presents no dilHculties. The 
seeds are sown in a nursery, and the young plants transplanted 
when about 25 cm. Idgli. The seedlings soon put forth a vigorous 
stem, and can, in favourable situations, reach 1-80 metres high. 
The harvest is jjjade at the moment of flowering by cutting the 
flower heads with a sickle. The plants grow so vigorously that a 
second cutting is possible in the same year, or even a third if the 
rains have been copious. Exceptional dryness is injurious. The 
distillation of the flower heads should be done immediately after, 
cutting ; if ^.llowed to dry, the yield of oil is poor. An average 
yield is 0-60 per cent, by weight of the fresh herb. After a time, 
especially if stored in a cool place, small crystals of thymol are 
deposited. An analysis of the oil from Dabakala showed 5()*29 per 
cent, total phenols, and 39*15 per cent. crystallisaWb Ihymol. 
These results are slightly below the Eoure-Bertrand figures. This 
. is explained by the analytical processes^ employed, that used by 
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,the Grasse firm being Gildemeister’s method, which may givcftocf ' 
high results. In 1917 the Imperial Institute examined an oil fronl 
the Seychelles from cultivated plants introduced some years 
previously. Their results showed 62 per cent, phenols, mainly ' 
eugenol. This result differs widely from those given by the Ivory 
Coast oil, and although Kew has stated that the Seychelles plant 
is 0. gratimmvm, the author believes that it is a different plant 
from that cultivated for more than ten years at Dabakala. How-* 
ever that may bo, the results of Dr. Blaque's examination confirm 
him in the opinion that 0. gratimmim is an excellent source from 
which to obtain thymol, particularly as at least two crops may be 
expected annually. Possibly, he adds, also ajowan could be 
introduced into French northern Africa, where allied species 
already exist, and, bearing in mind the acclimatisAtion of ajowan 
in the Seychelles, it could perhaps be cultivated successfully in 
Madagascar, the Comoro Isles, and Reunion. The author further 
suggests that T. zijgis should be introduced in the wastes of the 
province of Languedoc, so that Fruneo might j)osscbs a plant 
richer in thymol than Thymus vulgaris. Whilst 0. graiissimim 
has already been cultivated with good results in the Ivory Coast, 
it would be advisable to study, as regards oil yield and thymol 
content, the efieet of different soils, (\\posures, etc., and to 
endeavour to establisli special strains* of industrial value. ‘ 

Dr, Blaque also gives a summary of the principal thymol- 
producing plants of tlic world (s(‘e tabic on p. 757). 

l'lu?re are numerous methods for the artificial preparation of 
thymol, many of which are the subjects of patontp. In the 
present state of our knowledge of these processes, the almost 
universal drawback to them is that the yield of thymol is too small 
to allow the process to he commercially payable. Amongst the 
most interesting of these processes is that originated by Smith 
and IVnfold [Jour, avd Proc. Hoy. Hoc. N.S.W., iiw.l 40), depending 
on tlie oxidation of piperitone, the so-called “ peppermint ketone ” 
of certain species of Eucalyfim, esjxjcially Eucalyptus dives. In 
this method 60 grams of pure pi|)eritone are added to a solution 
of 175 grams of ferric chloride, 160 c.c. of glacial acc^^io acid, and 
500 c.c. of water. The whole is then heated to boiling point on 
a sand bath for an hour, when the reaction takes place as 
follows ; — 

^ , Fe2Cl« + H20-2FeCl, + 2HC1 + 0; 
the piperitone being thus oxidised to thymol, with a molecular 
rearrangement. The reaction pioduct is steam ’ distilled, the 
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phenol extracted from the distillate by a 5 pet cent, caustic soda 
solution, the solution decompovsed by hydrochloric acid, and 
the liberated thymol purified by distillation under reduced 
pressure. 

The condensation of mc^a-cresol with isopropyl alcohol, with 
thymol as the result, was first described by Mazzara (Oazz, Chim. 
lial.f 505). »1. W. Blagden has recently taken out a British 
patent (No. 197848) b^sed upon this method, in conjunction with 
Howards & Sons, Ltd. This patent contains the following 
details : — 

Thymol lias been made by condensing mono>sulphonated mefa- 
crcsol with isopropyl alcohol, but the condensation is accompanied 
by the formation of a number of by-products, so ^}iat the yield of 
thymol IS not large, and its purification is difficult. By the present 
invention these by-products are in large measure or completely 
avoided by coude'Jismg polysulphonated r«c^cr-cresol with isopropyl 
alcohol. Bor this pur])ose, the cresol may first be sulphonated 
under conditions adapted to produce di- or even tri-sulphonic 
acid of cresol, and the product may be condensed with isopropyl 
alcohol ; the aulphonic acid groups are aftcu'wards eliminated by 
suitable treatment, such as by the action of steam. For example, 
54 parts by w^cight of ta-cresol ivay 1)0 added slowly, while 
cooling, to J25 ])<irts of oleum containing about 88 per cent, of 
total SOg, and the mixture heated for several hours, for instance, 
two hours at 100' C., and finally for two hours at 150' 0. To the 
mix! me ina^> lie <iddc(l slowly a solution of *1^5 parts of isopropyl 
ahohol in 50 j)arts of sul])huric acid of 98 per cent strength, and 
the mixturc^stiriecl for sevcr<il horns at 80° to 90° (\ The mixture 
may then l)c ke])t at a tomiierature of about 130° C. and treated 
with a ciuicnt of steam, whereby the thymol is distilled. After 
removing a small fpiantity of a l)y-])roduct r ;Juble, in alkali, 
60 to 55 jjarts of oil are obtained which consists chiefly of thymol 
and contains little of the isomer melting at 114° C. 

Phillips and (libbs {Jour. Ivd. Eng, Chtm,, 1920, 733) have 
summarised the history of the artificial preparation of thymol, 
and for many inteie&ting details reference may be made to their 
paper. Phillips {Jour, Amer, Chew, Soc , 1923, 45, 1489) gives the 
following account of his improved process for the manufacture of 
thymol from pma'Cymeno, the original process having been 
dcscribcRl ih the Journal of Imlustrial and Engineering Chemistry 
(loc. cit,) : — 

(1) Cymene from sulphite liquor. — The liquor is distilled in 
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steam, and the oil^washed first with NaOH to remove SOg, and 
then with water. It is dried over CaC^ and distilled over sodium, 
the fraction 17(1*" to 178° being collected. 

( 2 ) Nitration . — Two thousand one hundred and forty-four grams 
of cymene are stirred with 2,460 grams of concentrated H 28 O 4 at 
0°, and mixed acid (3,280 grams HjjS 04 1,624 grams HNOa 
of density 1-42), previously cooled to 0°, is slowly added during 
sixteen hours, the temperature being kept^at 0-5°. After stirring 
for another hour, the liquid is allowed to settle, and the lower 
layer removed. The upper Liyer is washed free from acid (with 
water only, to avoid emulsification) and the nitrocymene is 
distilled off in superheated steam as a yellow oil, heavier than 
water. Yield, 45 to 50 per cent, of theoretical. 

(3) Redaclwn to Cijmidinc — To a boiling mixture of 1,600 grams 
of iron powder, 1*5 litres of water, and 100 c.c. of concentrated 
HCl are added 1,000 grams of nitrocymene at such a rate as to 
keep the mixture boiling quietly. When there is no further heat 
evolved on shaking, reduction is complete. The whole is made 
alkaline with NaOH, and the cymidme is distilled off in steam as 
a light oil. Yield, 80 to 85 per cent, of theoretical. 

(4) Sulphonation . — Three parts of cymidino are susjiended m 
2 fJarts of concentrated H 2 SO 4 , and 6 ]>arts of 20 per cent, oleum 
are added at such a rate that the temperature does not exceed 140^, 
The whole is then heated at 130 to 140^ (inside teinjjerature) 
until a sain file is completely s(»luble in caustic soda (about 30 to 
45 minutes). 'Jlu* nf(‘lt is pouied into 3 ^olumeR of ice water and, 
after stan*liug two hours tlie precipitated eymidine-sulphonic acid 
ib filtered off. Tlie product is purified by solution in ^20 })er cent. 
NaOII, decolorising willi aiiima) chaicoal, and repreeipi taring 
with excess of H 2 SO 4 . The white crystalline powder is dried at 
120°. Yield, bO per cent, of theoietical 

(5) Diazohsation and Rt dneiion. — Two hundred and twTnty-nine 
grams of cymidme-sulphonic acid arc suspended in a litre of water, 
and blight excess of NaOH is added. The mixture is warmed until 
all is dissolved, then cooled to O'" and mixed with 60 grams of 
sodium niU’ito (as 20 per cent, solution). The whole is now added 
slowly to 150 grams of H 2 SO 4 in a litre of water at 0^, and well 
stirred. The precipitated diazo compound is filtcTcd off and 
added to a solution of 300 grams of NagSOs in 3 litres of water 
which has been saturated with SO^. After standing ^t room 
temperature for an hour, the mixture is heated to the boil, 500 c.c. 
of concentrated HCl are added, and the solution is evaporated to 
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crystallisation. Yield of eymylhydrazine-sulphonic acid, dried al 

110®, 5s 70 to 75 per cent, of theoretical. 

(6) Sodivm Cyrnene-sulphonate . — A solution o^ 244 grams of 
cymylhydrazine-sulphonic acid in hot waUr is added in portions 
to a boiling 10 per cent, solution of CUSO4. Excess of copper 
sulphate should be present (indicated by persistence of the blue 
colour). The filtered licpid is treated ^\ith slight excess of baryta 
water, filtered from BaSO^ and Cu(OH)2, and excess baryta 
removed by a current of CO.^. The final filtrate is evaporated to 
dryness, and the residual sodium sulplionate dried at 140°. Yield, 
79 per cent, of theoretical. 

(7) Tliyiiwh — The best >deld is obtained by melting 1 part'of 
dry suljdionate witli 2 to 3 parts of KOll at 350° for half an 
hour. The cooled melt is dissolved in vat(T, acidiffed with H2SO4 
and extracted with etlier. 'I'he extract is dried, ether evaporated, 
and the thymol tract ionally distilled. Yield, 59 per cent, of 
theoretical, Th(^ product solidifies eomp]etcl;y when seeded with 
a crystal of Ihjmol. Jt gi\es a jJienjlui ethane melting at 107°, 
and is free from carvacrol. 

(8ee also U.S.P., patent No. 1378939 of May 24th, 1921, of 
E.M Cole) 

The so-called spruce* tur})entine, a hydrocarbon liquid separating 
in the suljihite process of manufac tilling v\ood ])ul]) fiom spruco 
wood, contains a large quantity of eymeno. 1\. Jl. MeKoc ha^ 
obtained a United States pat(*nt for the manufacture of thymol 
from this vaste product (8ee P d- E 0, A., 1923, 198.) 

The “ spruce turpentine is oidjnaiiJy collected in ^-eparating 
funnels coif aining an acid solution of calcium l>isul])hite, through 
whioli the gases and vajiours from the digesters })ass, the oil 
collecting on the surface* of the aciel liquor, fiom which it is drawn 
off from time to time. The oil, as thus obtained^^qnlaiiis impuri- 
ties, ine lueling suliihur dioxiele and tarry bodies. It is purified by 
a single or by rejicated distillation in the xirescnce of steam, until 
about 80 or 90 per cent, of the oil is obtained as a distillate. A 
single distillation usually suffices for Mr. McKc^e's process. 

The distillate then has its water removed by passing the liquid 
over e>r through calcium chloride, or by heating it until about 
2 per cent, has been vaporised. 

Carvacrol is produced by treating the imrified spruce turpen- 
tine ” wjjtluMiIplniric acid, converting the suljihonie acid formed 
into an alkali metal salt, fusing such salt with a caustic alkali, and 
adding an acid to the resulting mass. A small amount, usually 
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about 6 per oent.f of thymol is produced, and the proportion 
of thymol to carvacrol produced can be increased by using 
fuming sulphurfc acid (20 per cent, oleum) to 15 or even 20 per 
cent, of the product. The earvacrol and thymol can then bo 
separated. 

In practice, the purified spruce turpentine is treated with 
approximately its own volume of fuming sulphuric acid (20 per 
cent, oleum) at 25® to 30® C., or not abo^c 50® C., to avoid the 
formation of undesirable disiilphonic acidvS. To the resulting mass, 
consisting of a mixture of the 1:2:4 and 1:3:4 siilphonic acids, 
together with excess sulphuric acid, is then added lime or calcium 
carbonate until the acids are substantially neutralised or rendered 
slightly allvaline ; the resulting calcium sulphate is separated by 
filtration. The* filtrate— calcium salts of the sulphonic acids — is 
then converted into the corresponding salts of sodium by adding 
sodium carbonate, the solution is filtered, and the sodium sulphonic 
acid salts separated by evaporation, fused with caustic soda, the 
fused mass dissolved in water and neutralised with sulphuilc acid, 
yielding a mixture of ai)proxim«xtely 80 to 85 per cent, of carvacrol 
and J 5 to 20 ])cr cent, of thymol, viiieh may be se^parated from the 
mass by distillation. 

MeKce prefers 1o j)arfi*dly evapoiate^ the solution of the 
calcium salts of the 1:2 4 and 1:3:4 sulphonic acids to permit 
the crystallisation out on cooling of a part ol tlie calcium salt of 
the 1:2*4 sulphonic acid. The evaporation is so conducted as 
to permit about two-Tliirds of tlie dissolved salts to crystallise out. 
The crystals arc separated by filtration and waslied witli a small 
amount of watcT, The filtrate and 'vtash water <K)ntain the 
calcium salt of the 1:3:4 sulplioiiic acid together with some of 
the 1:2:4 sulphonic acid salt. In practice, this liquid ordinarily 
contains about ermal parts by wcught of the 1:2: 4 and 1:3:4 
acid salts. To this liquid is then added ^ soluble sodium salt, 
preferably a solution of soda asli, and after separating by filtration 
the precipitated calcium carbonate produced, the resulting solution 
of sodium sulphonic acid salts is eva])oratod to dryness, fused with 
a caustic alkali, preferably caustic soda, and the fused mass 
dissolved in water and neutralised with an acid, such as sulphuric 
acid, yielding approximately equal parts by eight of carvacrol 
and thymol, which may be separated from the mass by decantation 
or steam distillation. • « 

To the carvacrol-thymol mixture produced as first described, 
or in accordance with the preferred prgicedure, is added approxi- 
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mately 3 parts by weight of preferably finefy-ground, well-dried 
load acetate, and the mixture allowed to stand for several hours, 
preferably twenty-four, at room temperature, and the resulting 
mass broken up and washed with a volatile petroleum hydro- 
carbon, preferably gasoline. The thymol-lead acetate addition 
product obtained is insoluble in the gasoline, while carvacrol and 
the carvacrol-lcad acetate addition product, which is formed with 
difficulty, are soluble jn gasoline, and are removed in the washing 
operation described. 

The thymol-lead acetate compound is then distilled with steam, 
the tli^unol passing over with the steam, and the lead acetate 
solution evaporated to dryness for re-UwSe. The resulting thymol 
is preferably further purified by distillation. 

Idle carvacrol-containing filtrate is so 2 >arated from the gasoline 
by distillation, and the carvacrol separateil from the remaining 
portion by distilling with steam, as described above, and the 
product further purified by distillation. 

In the use of fuming suliffiiiric acid it is not necessary to employ 
the j)articulai stnmgtli referred to. Ilie proi>oriiou of the thymol 
derivative varies with the stieiigth of the acid used, so that a 
d(‘sired strength of acid may b(‘ selected in accordance with the 
results aimed at. ^ * 

Aiconhiig to the P. <£’ E O, i? , 317, a co specificatmn 

(221220), dated August 30th, 192*1, for a British patent for a process 
for the pr(‘j)aration of thymol from 2-eyniidine has been filed, and 
is open to inspection under the Lift mat lolial Convention. The 
applicant is Geza Austerwisl, of BouIogne-sur-MiT. By*die process 
2-eyniidinois copulated with an aromatic diazo compound to form 
an aniino-azo dye ; this dye is deaniinated, cut in two by reduc- 
tion, and th(» cymidme obtained in this way (which is an isomer 
of the original cyinidine) is transformed into by diazotisa- 

tion and boiling. 

If 2-cymidm(‘, obtained from the normal 2-nit ro-cymene by 
ordinary reduction or otherwise, is copulated with a diazotised 
aromatic amino -sulphonic or amino-caibonic acid, or even with 
diazotised 2-cymidine itself, to form a diazo-amino dye, and this 
is then isomcrised to the corresponding amino azo dye, the copula- 
tion takes place at the para-position to the original amino group 
of the 2-cymidine. If the free residuary ammo group of this 
amino - 4 ^zo#l ye is eliminated and the dye molecule cut in two with 
reducing substances, then the applied first component of the dy© 
is obtained back again, and the second scission product is an amine, 
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^ new cyniidine, whteh contains the amino group in meta-position 
of the methyl group, and in the para-position of the eliminated 
amino group of *the originally introduced 2-cymidino ; this new 
amine is 5-oymidine, and if tliis is diazotisod arui boiled with acids 
or alkaline solutions the resulting phenol is thymol. 

The same copulation can also be obtained if the 2-cymidino is 
treated in tlic presence of an aromatic amino and amino-chlor- 
hydrate with the diazotisod solution of thc^other component (for 
instance, an amino-sulphonic acid), the dye obtained separated, 
and its free amino group again diazotisod, and so eliminated by 
known methods. One may also acetylise the 2-cymidine and 
copulate it directly with tlio diazotisod first component of the dye, 
but without the addition of an amine, as the copulation takes 
place now directly in para-position to the substituted (acetylised) 
group of the 2-eymidirie ; this dye is heated with dilute alkaline 
or acid solutions to saponify th(» acetyl group ; then the free 
amino group is diazotisc cl and treated as b(‘forc. If the 2 molecules 
of cymidiue were eoj)ulate(h only one of them is transformed into 
5-cymidijje, ixnd tliere is only a yield of one molecule of thymol ; 
one moleeulo of 2-eyini(liric (the one whicii was diazotisod) is 
obtained back again as such. 

Example I . — One hundred grams of dry sulplianilio acid are 
(fissolved in a 3 p(‘r c(‘iit. soda solution ; to this solution a solution 
of 230 c.e. of 20 per cent, sodium nitiite is add(‘d ; the whole is 
cooled, and the theorc‘tieal an)ount of 15 to 20 per cent, hydro- 
chloric acid solutionis added to it. Then 75 grams 2-eymidine 
are dissolw <1 in dilute liydroehlorie acid and slowly added to the 
diazotisod solution ; at the end of this operation cwicentrated 
sodium -hydrogen solution is eandully addt'd till the mass is alka- 
line ; the diazivainiuo dye precipitates, is filtered off and dried. 
In its dry^ state* ilnpis mix(*d with its own weight of aniline and 
heated 2 hours to 50 to (K)*^ C. This reaeticjri mass is poured into 
dilute acetic acid, &uffiei(*nt to neutralise the free amino present ; 
the amino-axo dye now precipitates. It is filtered off, suspetided 
in dilute hydrochloric acid, and the calculated amount of sodium 
nitrite is addled ; the so diazotisod amino group is thus eliminated 
with the help of reducing agents. The residual })roduol is diiiited 
with hot water and reduced hot wu'th the calculated amount of 
sodium hydrosul])hite, titanous chloride or stannous chloride; 
the feulphanilic acid precipitates from the acid solutiongon goofing ; 
it is filtered off, the solution is made alkaline, and the 5-cymidine 
taken up with benzene. From this solution it is precipitated in 
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the form of hydrochloride, diazotised and bcriled, and thus yields 
thymol 

Example II — One hundred grams of naphlhylamme sulphonio 
acid, dissolved in a diluted soda solution, are diazotised, and, as 
de&cnbed in Examjile I , copulated with f»3 grams of acotyh2- 
eymidine to form an amino-azo-dye This dye is salted out, 
filtered off, deaoetylised, and the free ammo group eliminated ; 
it is then treated as d^^senbed in Example I 

Complete specification No 221227, apphe ant G Austerwcil, and 
dated August 30th, 1024, is also opem te> inspection It concerns 
the prepaialiem of thymol fieim p eymene Such preparation is 
difficult because thymed is a 5 hyelioxy 1-incthyl 1 4 isopropyl- 
benzene, and the attack of the eymene molecule, Avhich is a 
1-mcthyl 4 iso propylbciizcne,oeeiusiegularly m ortho position of 
the 1 methyl gioup, but the difficulty is obviated in accordance 
with this invention by the reduction of 2 mtro eymene (which is 
readily obtained from peynieiic) to products whieh eemtain an 
oxygen atom altaclied to the nitrogdi, isomensalion of these 
pioduets with aeids^to oxjderiv itms m vhich the oxygen is m 
para-position to the nitiogen, and subsequent elimination of the 
nitiogen 

The 2 nitrooymene is reduced in ^ueh a way that there remain 
oxyge n containing gioups (»r an 0x3 gen atom attached to the 
nitiogen of the 2 mtiocj^rnene , these mtciinediaiy leaetion pro- 
ducts aie isomeiise^d with concentrated suljduiiic acid m para- 
substituted derivatnes, so that the e>\>ge*n containing ladieles, 
and in consequence the oxjgen itself, goes into the pMa-position 
of the former mtio group, ^ e , into the position where the oxygen 
of the th5nnol is situated The nitrogen is eliminated aftei wards 
in the form of an ainino group 

Such isoincri sable reduction products of tW mtro -eymene are, 
for instance, the a^^oxycymene and the cymylhydioxylammo. 
The first can bo obtaincHl either by electrolytic reduction of the 
nitroeymene in alkaline solution or by an energetic reduction in 
an alcoholic alkaline solution , the hydroxylamine denvative is 
easily obtained through the re'duefion of the nitro«ymene in a 
neutral salt containing solution The azox^ejmene isomcnsed 
with conccntiated sulphuric acid gives a mixture of jp-oxy 
and o-oxy azocymene , these two bodies are identical from 
the po^nt mi view of the production of thymol because of the 
symmetncity of the eymene molecule Cymylhydroxylamine 
gives with concentrated sulphuric acid, and also dilute sulphuric 


764 



peufvmery 


aci4, *jJ-amino lh 3 mol with a quantitative yield. The oxyazo- 
cymene molecules are cut in two with hydrosulphite, giving 
2-aminocymeno •(2-cymidine) and p- and o-aminotliymol with 
an excellent yield. These bodies are separated by distillation, 
and the amino group is eliminated from the aminothymols by 
known methods. 


THYMOL METHYL ETHER.— This body is found in the 
essential oil of Crithmum mariiimum. It an oil of the formula 

QO 

CixHieO, having a specific gravity 0*954 at and boiling point, 
214® to 216®. It has a sharp aromatic odour. 

THYMOHYDROOUINONE.— This compound, C^oH^^Og, is 
found in the essential oils of M omnia fist hIok^u, Thuja aiticulata, 
and Callilris quadnvalns. It forma crystals melting at 143®, and 
boiling at 200®. Its dimcthjd ether, is present in the 

oil of Eupatorimn tripUnem and in arnica root oil. 

THYMOQUINONE. — This l)ody has the constitution 00112 
( 02 )(CH 3 )( 0 ,jll 7 ). It is present in the essential oils of Moriarda 
jfistulosa and 'Thuja mtlcidata. It forms fine crystals melting at 
48®^ and boiling at 98® to 100^ at 0 mm. It has a phenolic 
odour. • 


TIGLIC ACID ESTERS. — Schinnnel <£? Co, {Bciicht^ Oct,, 
1913, 61) have succeeded in preparing synthetically gcranyl, 
citronellyl, and phim^l-ethyl liglates, esters which are present in 
Bourbon wd other geranium oils, and w liich are mainly responsible 
for the cliaraderistie odours ot these oils. The esteif^ were pre- 
pared by the action of tighe acid chloride on the aJeoheds in 
question in the ])resf‘nc(‘ of jiyridine. The three esters have the 
following charactei;^*; — 



Hojl.n ‘4 po nt 
at 7iJiin. 

8pe( ifu 

! Opt Hal 

j loirlllOf). 

Geranyl tiglate 

149-151® 

! 0 5)27i) 

I +0^^ 

Ctroncllyl „ 

144-145® 

' 0 ooo 


rhenylethyl „ 

139-140® 

1 mr)1 

+ 0° 


TILLEUL. — See “ Lime (or Linden) Blossom.’’ 
TILAM WANGI.— See “ Patchouli, Oil of.” 
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TODDALIA, ACULEATA, OIL OY.-Toddalia acnk^ ^ 
(T. asiatica) is a tree growing wild in the ililgiri mountains, and 
is also plentiful in the Philippine Islands. • 

Steam distillation of the leaves yielded 0-08 per cent, of an oil 
having a strong odour resembling a mixture of camphor and 
Icmongrass. D. Hooper describes the oil distilled from the leaves 
of this species as having a pleasant odour resembling verbena or 
basilicum. The oil prepared by Brooks from material which was 
identified by Mr. ElmeV J). Merrill, Chief of the Division of Botany 
of the Biin'au of Science in Manila, possessed a strong odour, as 
mentioned above, and on freezing at — 15*^ a yield of J8 per cent, 
of a very volatile, unstable erystalline solid which melted, after 
rccrystallising from ligroin, at 96*5'^ to I)?"". It had a strong 
camphor-like odour, but it quite unstable. 'A sample care- 
fully purified for combustion analysis changc^d, in twenty-four 
hours, to a mass of oil and crystals. 


The gil has a specific gravity about O-OOG at 
index 1‘462() at 30'. 


30 ^ 

3(r’ 


and refractive 


TO-KO OIL. — The Chinese plant, known locally as To-ko, 
is the herb Adarfnn Blurnd, It 3 nelds 1-4 ])er cent, of essential 
oil of a jtIIow colour, having an odour resembling sassafras.t It 
has a specific gravity 1*078H, and S])ecihc rotation -1 5° 3'. It 
contains safrol, eugenol, and a terpene. 

TOHN,--Soo ‘‘ Balsam of Tolu.’’ 

TONKIN BEANS.-~Seo ‘ Diplcryx/^ 

TONQUINOL.— This is a fancy name for some typo of 
artificial musk, or a mixture of several of them, or of tlie residues 
resulting from their preparation. 

TRAMATES SUAVEOLENS.— This ]dant is a fungus, 
growing principally^ on willow trees. It has a pleasant odour 
recalling that of aniseed, but the odorous substance appears to be 
de8troya‘d on heating with water, so that no essential oil has been 
obtained. 

TRAWAS OIL.— See Lit&oa OU.'’ 

TREDECYL ALDEHYDE. — This body resembles tetradccyl " 
aldehyde in,aits general characters, but has a slightly less powerful 
and persistent odour. The normal aldehyde has the formula 
CH 3 (CH 2 )nCHO. The isomer jS-mcthyl-duodocyl aldehyde OH^ 
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((SH 2 )% 0 H(CH 3 )CH 2 .CH 0 is prepared in a similar manner to 
tetradecyl aldehyde, by the condensation of methyl-nonyl ketone 
with bromacetio ester, dehydration of the hydroxy ester, reduction 
to methyl duodecyl alcohol, and dehydrogenation of this to the 
aldehyde. (See “ Tetradecyl Aldehyde/’) 


TREFLE. — ^No perfumes sold under the name of Trcflo are, in 
fact, the product of any species of Tri folium, Trifolkim prate nse 
(natural order Leguminosw) is the common red clover of the 
meadow, and is grown cliielly for pasture. There arc several 
odorous species, of wiiich the best known is Trifolium incarnatum, 
the carnation or scarlet clover, whoso odour has given the name 
to perfumes devoid of any of the scent of the actual flower. 
Tri folium oclor(it^(7n is another odorous specit\s, and is a native of 
Italy. 

Perfumes bearing the name ‘‘ Trefle ” are almost invariably 
based on a large [)roportion of amyl salicylate, which is also used 
in artifleial orchid perfumes. Isobutyl salicylate is also used, and 
numerous other aitilicial and natural perfumes are employed to 
give the perfume aiiy desired note. Amongst these are phenyl- 
acetic acid, vanillin, ben/yJidene acetones jonquil, ylang-ylang, 
tuberose, and jasmin. 

The flowers of TnfoUum incarnatnm have ))een distilled by 
Rogerson (Jour. Chem. 8oc , 1910, 97, 1004), who obtained 
0*029 per cent, of a pale yedlow oil, calculated on tlie dried clover, 

20 ° 

which had a speciiio gravity 0*951)7 at optical rotation, 

^\) 


— 1° 48', afld laulcd ])ctwcen 120^ and ISO at 15 mm. Pow<»r and 
Salway (Jour. Chnn. Soc , 1910, 97, 232) obtained ()-02S^j)er cent., 
calculated on the dry flowers, of essential oil ha\ing a specific 


20 ° 

gravity 0*94J() at 


and optical rotation + 4° 10'. 


TRENTEPOHLIA JOLITHUS.-Tliis plant is an Alga 
belonging to tlie flimily Chroolepulavecp. It possesses an odour of 
violets. It is known in Germany, where it is found covering the 
rocks of the Riesengi'birge with a grey -green coating, as rcihhen- 
moss (viok't moss). On distillation it yields a small quantity of 
essential oil with a violet-like odour. 


TRIACETIN. — See Glyceryl Triacetate.” 

TRIETHYL CITRATE. — The triethyl ester of citric acid, 
commonly known as ethyl citrate, is an ester prepared artificially, 
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tod is used as an adulterant of essential oils containing 
(See “ Artificial Esters.’’) 

TRIMETHYL^HEXANONE.— Trimothyl-hexanone, C 9 H, ^0, 
is a ketone which Masson (Comptes liendus, 1912, 164, 617) has 
isolated from oil of labdanum. It is an odorous oil having the 
following eharacteis — 


Boiling point 
Hpt( di( graVily at 0 ° 
OpliCiil rotation 
Retractive index 


178 ^- 179 ® 

0 922 
± D° 

1 4494 at 23° 


TRINITRO-BUTYL-XYLENE.— Soo ‘ Musk, Artificial.’’ 

TUBERONE.— Verlcy (Bull Soc Chiw , 1899, iii , 21, 307) 
claimed to liave isolated a ketone of the formula from CjgHgjjO 
from oil of tiihcMose to which he gave the name tuberono. The 
presence of this body has nOt been confirmed by otlior workers 
on the oil 

TUBEROSE, OIL OF.---nSee ‘‘ Pedianthes Tubc^rosa ’’ 

TULIP. — No tulip jKTfunie is extracted commercially, and it 
is only occasionally that aititicial tulip peifume is met with. 
This, liowcMr, IS of a fancy chaicj^otci and has practically »o 
ndationshii) w itii the j)c rf ume of the flower The only tulip having 
any marked jicrfumc is Tuhpa sua( coleus^ the sweet tulip It 
has a iK^rliime ii calling that of the Maitchal Niel rose. 

TURPENTINE, OIL OF. — It is line that oil of r'urpentme, 
as such, has 110 interest to the peifumci , but as, liom a secondary 
point of view, it concerns the perfume industry very closely, 
insumuch as it is the raw mateiial fur such substances as torpineol 
and camphor, and has been used to a consjdeiable extent as an 
adultciant of essentuil oils, an account of its propeities will be of 
intcne&t 

The exudation from the wood of various members of the Coni^ 
feice IS an oleo rcbin consisting of a mixtuie of lesm and a volatile 
oil This mixture is “ crude turpentine,” and when^the essential 
oil is distilled ofl, the residue is common itsm or colophony and 
the oil is known as oil of turjicntme, or moio commonly as 

turpentine ” 

Iheipimcipal sources of Ameiican turpentine^ are the so-called 
long-leafed pine, Pmus palubtns (Pinvs ati6trahs), Ptnus hetero^ 
phylla^ and, to some extent, Finns echinata There are, however, 
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ntitiferous other pines which yield turpentine in the United States. 
French turpentine is obtained principally from Pinu<^ pinaster 
{Firms maritimU). Russian turpentine is the product of Finns 
sylpestria, Finns Ledebowrii, and other species. Italian turpentine 
comes cluefly from Finns picca and Firms pinaster, Greek 
turpentine is obtained from Finns halepemis, and Indian turpen- 
tine is produced from Finns longifolia. 

The methods by which the turpentine^ is extracted from the 
trees vary in different countries. In the United States the oleo- 
resin is collected by what is known as the box system, or by 
the cup and gutter system. The box system involves making 
incisions across the trunk of the tree which are inclined inwards 
and terminate in a hollow excavation, or “ box,*' about 12 to 
18 inches above the ground level. The oleoresin flows into this 
box, and is baled out from time to time, and fresh incisions 
leading to the box are made. In the cup and gutter system the 
oleoresin flowing from the wound in the tree runs tlirough 
“ gutters,” or strips of galvanised iron, into earthenware pots or 
cups suspended below. For the methods by which €he French 
turpentine is collected, reference may be made to an article by 
Vezes {Rourc-Bertrand Fils Bulletin, 1909, 2, 9, 3). Briefly, 
it fe as follows. The crude oleoresin or germne, as it is called, 
exudes from an incision made by the axe of the collector in 
the stem of the pine. Kept open by the removal of a thin slice 
every week, this incision, the cane as it is called, rises gradually 
up the trunk of the tree until it reaches, after five years’ working, 
a height of nearly 4 metres. The tree is then left alone for two or 
three years, after which a fresh carre is made at another point of 
the base. The same tree is tapped in this manner for abfmt forty 
years, when it is bled to death by several car res made simultane- 
ously, and is then ^felled for timber. From the top of the carre 
the drops of oleonNin exude and run dowp into a vessel placed 
to receive them, which conbists of an earthenware or metal pot. 
In India the method is similar to and based on the French 
method ; the trees are subject to light tapping or to heavy 
tapping, according to the approximate lime i)ofore the trees are 
due to be felled. If the trees are not to be felled for more than 
five years ahead, light tapping is resorted to, and only a moderate 
number of incisions or ‘‘ blazes ” are made. But if the trees are 
due to be felled within five years, they are ” topped to^eath ” 
with as many blazes as there is room for. In the case of light 
tapping, it is customary in India to tg-p for a certain number of 
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years, and then to allow a period of rest# before tappiiig 
recommencod. In the Naini Tal Division, and in Kumaon 
generally, the rule hitherto has been to tap for five years, and then 
to give a rest of ten years, fifteen years being the “ tapping cycle.’* 
In other divisions a nine-year tapping cycle (three years’ tapping 
and six years’ rest) has been common As a result of general 
experience, a twelve years’ cycle (four gears' tapping and eight 
years’ rest) appears to^be the most advantageous (See Indian 
Forest Memoirs ” (Sylviculture Series), ^^ol i , ])t i , p. 100.) 

American Turpentine.— The principal adulterant of normal 
turpentine oil in tlje United States ib the so-called wood turpentine 
or dimp iu) pcnline. This is a turpentine oil obtained by distilling 
the out pine, fir, and spruce \\ood in closed retorts, and as the 
best qualities are distilled with steam, tlu' product obviously does 
not differ to a very great extent from the ordinary exudation 
turpentine. But as the stumps from vhi(*li the oil is obtained 
have generally been allowed to remain in tlie ground for several 
years after the tiees have been felled, tlu' conditions of iormation 
of the oil are not identical \^ith thosi^ obtaining vhon the trees 
were in full grovUh and perfoiming their noinicd ph^^ siological 
functions, and a diffeiciice in the composition of the oil is to be 
expected The following account ol the adulteration, analysis, 
and standaids of American turpentme oil b} iho writer (E. J’. 
Pairy) arc reproduced from The Chemnt aiul Druggist, August 24th, 
1012 — 

‘‘ The use of ])otroleuin products as aduKerants is, as is well 
known, one of the commoner form> of sophistication, ^but fortu- 
nately tliistprcbenls little djificulty to tlic analyst, on account of 
the vide difference in characters betv^een the terjienes and the 
hydrocarbons found in petroleum products The adulteration, 
however, vliich is giving most trouble at gj^esent is the use of 
so-called ‘wood’ or stump’ turpentine, which resembles the 
ordinary or ‘ gum ’ turpentine so closely, especially when well 
rectified, as to make its detection far more difficult than is the 
case with petroleum products. The United States Department 
of Agriculture last year issued suggested standards for pure 
turpentine, of which that for No. 1 or ‘ standard ’ turpentine is 
the only one which need be referred to here. The suggested 
standards are as follows : specific gravity at 20"* =* 0*862 to 
0*870 ;^ref^ctive index at 20*^ = 1*4680 to 1*4760 ; 95 per cent, 
should distil below 170®. On polymerisation with sulphuric acid 
(thirty-eight times normal), the residue should not exceed 1 per 
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^cerrt», and should^have a refractive index of 1*500 to 1*520. 1 
hav^ no particular objection to take to these figures, other than 
to say that a considerable amount of stump turpentine may be 
present in an oil complying with them. 

The close similarity in physical characters between pure gum 
turpentine and the so-called stump turpentine, therefore, renders 
it necessary that some further distinctive features shall, if possible, 
be taken into account, and the result of tjie examination of a very 
large number of pure and adulterated samples leads mo to consider 
that the behaviour of the oil towards the halogen elements gives 
the most useful indications of admixture with wood or stump 
turpentine — wiiieh, by the way, must be so described in America, 
where it is not allowed to be dealt in as “ turpentine ’’ without 
proper qualififJation. 

Both the iodine and the bromiiie values have been recom- 
mended in this respect, but the iodine value is, in my opinion, 
the more useful of the tw’o. Its value depends on the fact that the 
hydrocarbons present in wood turpentine — probably on account 
of the method of treatment adopted in its manufacture— appear 
to be mort* saturated tlian those })rosont in uornial turpentine, 
and therefo]*o absorb less iodine to form a fully saturated 
compound. 

* The iodine vahu* ma>* be dot ei mined by eitlier tlie Wijs or 
the Hub! method, and it is necessary that the metliod used should 
be stated and the conditions of the determination kej)t constant. 
Useful indications tire givcui by the detiTmination of the iodine 
value of^the 10 p(*r cent, left after distillation of 00 per ecuit. of 
the sample, since tlie highly unsaturated liychwaiilxms appear 
to concentrate in the higher boiling fiactions. The following 
processes may be used for the determinatiou of the bromine 
value : (1) One calcic centimetre of the oil is dissolved in 5 c.c. of 
chloroform, and a 3 per cent, aqueous solution of bromine added 
with shaking until a pcimanent coloration remains ; the strength 
of the bromine solution is detei rained in the usual manner, and the 
amount combining with the oil can be calculated. (2) One cubic 
centimetre; of the oil is dissolved in 50 c.c, of absolute alcohol, and 
5 c.c. of hydrochloric acid added. A solution of 28 grams of 
bromate of potassium and 100 grams of bromide of potassium per 
litre is then added until a permanent brown colour remains for 
one minute after well shaking. The bromine absorbocl is calculated 
for 1 C.C., which can be reduced to the proper bromine number 
by dividing ’it by the specific gravity^ say, 0*86, So far as my 
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experience goes, the following figures would* form satisfacfo^* 
standards for genuine American turpentine : — 


Specific gravity at 15-5° 
Ecfractive ind( x at 20° 
Initial boiling point 
Distillate under 160° 

170° 

) 1 ) 5 i 

Bromine valua 
Iodine value (Hul)l, 16 hours) 
„ „ (Wijs 1 hour) 

„ of Iasi 10 per 
cent. (Wijs, 1 hour) . 
Iodine value of last 10 per 
cent. (Hul)l, 1 6 hours) 


0*862 -0-870 
1*4680-1-4730 
Not below 154*’-! 55® 
72-73 per cent. 

95-97 

Not below 1*9 

360-375 

335-350 

Not 10*^5 than 350 
, „ 350 


The iodine figures may requii'e a little modification as one's 
experience becomes more enlarged in this direction. 

“ I think that the examination of the refractive index of the 
higher boihng fractions may afford valuable information, but 
hesitate to give any figures until experience in this direction is 
somewhat wider than it is at present. The value of the iodine 
figures is indicated by the fact that wood or stump turpentine 
will often show an absorption of from 230 to 300, and the l!ist 
10 per cent an absorption of about the same figure, or even less.* 
I have made a careful examination of the numerous colour 
icactions proposed for the testing of this od, and I can say 
emphatically that none of them is of the least use, and cannot be 
relied upon wdicn one is dealing with the rectified varietj" of wood 
turpentine, ^although some of them are useful in dealing with the 
crude variety. But, as the highly rectified vaiiety is always used 
for admixtuio with ordmaiy turpentine, the tests in question are 
invariably useless ^ 

Dealing briefly with the question of adulteration with petro- 
leum products, 1 would point out that it is a practical impossibility 
for any turpentine adulterated with petroleum of any kind to 
comply with the above-mentioned reiiuirements. But if it is 
necessary to examine a given sample with a view tOfShowing to 
what extent an oil is so adulterated, the following process will 
give excellent results. It is a modification of Armstrong's 
polymerisation process due to Eibner and Hue (Cftem. Zeit, 1910, 
643). « • 

“Fifteen cubic centimetres of concentrated sulphuric acid 
(specific gra \ ity 1-84) are inti oduoed into a suitable shaking burette, 
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*aiiS 10 c.c. of the «>il added in quantities of 0*5 c.c, at a time, with 
constant shaking. From fifteen minutes to one hour will be 
required for tliis operation, according to the amount of petroleum 
J)resent. After the addition of the oif is complete, the burette is 
thoroughly shaken and sulphuric acid run into the burette until 
the latter is nearly full. After six hours the amount of oil rising 
to the surface is read off. If this does not exceed 2 c.c., the oil ia 
probably pure. The polymerised products are now nin off and 
treated with from 2 to 4 volumes of fuming sulphuric acid, and 
well shaken in a fresh burette. The ultimate residue should not 
exceed 0-3 per cent, if the oil is free from petroleum. Further, i£ 
the oil be free from the usual adulterants, this unpolymerised 
residue will liave a refractive index of not loss than 1*500, and 
not more than 1*520. 

The following table contains tlio figures for pure American 
turpentine, and for a number of samples adulterated by myself , 
with known quantities of given adulterants, and also of a few 
samples of adulterants themselves : — 



(i) 

riir(' 

Anieriran 

tiirceij- 

tine. 

(2) 

Wood 

tiirpcn* 

tiue. 

i 50 per 

; cpnt. oafh 
'(l>and(2) 

(4) 

Titro- 
Ipum " 
tan icn* 
tiuc. 

(5) 

no per 
cent, each 
(Uand (4). 

Specific gravity 

O-SoG 

0*873 



0*869 

0*808 

0*838 

Refractive index . 

j-1720 

1*4745 

1*4737 

1*4490 

1*4610 

Initial boiling point 

15r/ 

159^^ 

157^^ 

98° 

99° 

Distillatcyinder 

74 ptT 

61 ])er 

68 per 

48 piT 

62 per 


cent. 

cent. 

cent. 

cent. 

cent. 

„ „ ivtr . 

O t p<‘r 

78 p(T 

84 per 

4 0 per 

82 per 


(‘CTll. 

cent. 

cent. 

C(Ult. 

cent. 

Bromine value 

2-2 

1*46 

1*82 

0*05 

1*1 

Iodine value (ITiibl) ^ . 

572 

261 

321 

9*0 

190*5 

„ (Wijs) . . 1 

350 

240 

298 

8*4 

179 

,, „ of last 10 p(‘r cent. 

(Hlibl) . , . . 1 

360 

• 

251 

304 

9*0 1 

184 

Iodine value of last 10 pi'r cent. > 
(Wijs) . . . . ; 

1 

355 

212 1 

298 

8*5 

177 

Refractive i|\dex oi — [ 

First 20 per cent. . . i 

M710 

1-4731 1 

1*4728 

M48 

1*4660 

Second „ 

1*4700 

1-4730 1 

1*4720 

1*449 

1*4675 

Third 

1*4712 

] -4734 I 

M722 

1*4481 

1*4721 

Fourth „ 

1*4712 

1-4732 ! 

1*4721 

1*4470 

1*4721 

Fifth „ 

1*4781 

1-4842 

1*4821 

V4493 

1*4735 


Corresponding figures for a large fiumber of pure American 
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turpentines showed the following limit values for a large number 
of samples : — 


Specific gravity at 16® 

Refractive index 
Initial boiling point 
Distillate under ICO® 

.. „ 170° 

Bromine value 
Iodine value (HuM) 

.. (VVijs) . 

.. . of last 10 per cent. (HuIjI) 

Refractive index of — 

First 20 per cent 

Second 

Third 

Fourth 

Fifth 


0-862-0-870 
1-4080-1 -4730 
164°-! 55-5® 
72-74-5 per cent. 
05-97-5 
1-90-2-31 
300-375 
33.V350 

349- 309 

350- 305 


1-4700-1-4722 

M700-1-4724 

1-4710-1-4735 

1-4710-1-4740 

1-4780-1-4821” 


(See also E. J. Parry, “ I'lie f'licmistiy of Essential Oils,” 
4th od., vol. i., pp. 9-32.) 

According to SchLateloa {ilomtem Snentifujue, 1908, iv., 22, i., 
217), the following trees yield oJeoresins, tJie turpcutine.s of which 
have the characters given . — >• 


1 

Yicltl pci 
(cnt. 

Optical lolation. 

Specific gravity. 

Pimis sylvesfris 


15-lfi 

+ 22° to + 24° 

0-867 at 16® 

Abies cxcelsa 


13-4 

— 132^^ 

0-873 at 15° 

Larix sibirim 


14*1 

- 14*3" 

0-870 at 19® 

Finns cembra 


G 

+ 14-04^^ 

0-866 at 15® 

„ tanrica 
Abies sibhica 


20 

-- 75-9° 

0-861 at 19° 


28 

1 

- 35-6^ 

0^ 

0-875 at 19° 


The following detaifs in reference to commercial Russian oil of 
turpentine are by the writer (E J. Parry), and are reproduced 
from the Chemist avd Druggist, October 2Cth, 1912 • — 

“ During the past twelve months 1 have had occasion to 
examine a large number of samples of Russian turpentine. In 
view of the results I have obtained, it nil! be useful to quote 
the text-book statements in reference to this oil. The writer 
(‘ Chemistry of Essential Oils,’ 2nd ed., p, 149) states that ‘ its 
specific gravity is usually about 0-870 to 0-875, and its boiling 
point about 170°. It is dextrorotatory to the extent of -j- 20°.’ 
Allen (‘ Commercial Organic Analysis.’ 1911, iv., p. 401) states 
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A sample of Russian turpentine oil of specific gravity 0-8082 
examined by W. A. Tilden was found to contain from 10 to 
16 per cent, of a pinene boiling at about the same temperature 
as australene, but having the specific rotation of 23*5"^ ; 00 to 
70 per cent, of sylvestrenc ; a considerable quantity of cymene ; 
and small proportions of viscid hydrocarbons boiling at high 
temperatures/ ‘ The specific gravity of the Russian oil of 
tommerco ranges from 0-8020 to 0-87^ ’ (p. 412). ‘ Russian 

curpentine oil distils cliieily between lOc^"" and 190°' (p. 413). 

“ The following figures, communicated by L. Archbutt, also 
show the behaviour of samples of turpentine oil, believed to bo 
genuine, when distilled under the conditions described : — 


• Oil 


1 

l)jHtillat(‘ fiom loo 

Kaiipc ol 

1 loiupeiat\iie. 

No. ol 

siimploH. 

1 c.e. 

1 

4 

5 c.e 

lb3-9 -l()9-4^ 

8 

90 c.c. 

177-2^ -J88-9 

S 

05 c.c. 1 

181-7" -215-5 

S 

•00-5-98 c ( . 1 

1 

J87-S^- 208-9 

7 


For some time past 1 have snNj)ected that Jvussian turpentine, 
as known in tins count! y, is not a natural ]a’oduct at all, but 
that it is a tract iuuated oil frou) which a good (l('ai of the ‘ middle 
running.? ’ Jiave been re/noved. This belie! has be^en amply con- 
firmed by Professor Sehindclrneiser, of l)or])at l^n>versity, who 
tells me that we never see natural or ' virgin ' Russian turpentine 
in this country. The oil is fractionated, and the jiortions boiling 
at aboutithe same tvinpeivitiire as American turpentine are largely 
removed, and are used in Russia for industrial purposes, the low 
and high boiling fractions being then mixed and exported as 
Russian turpentine. He has also placed autli(‘ntic samjjJcs at 
my disposal, informing me that normal Russian turpentine 
contains ffom 40 to 70 per cent. disUlling irfim ITsV^ to lOO". and 
consisting chieily of {linene 

‘‘The Russian turpentine arriving in tins country is of an 
entirely different character, and even w hen accepted as more or 
less satisfactory, on the principle that it is the bcstione»caii get, 
it frequently arrives in a condition which buyers lefuse to recognise 
as of good merchantable quality. T1 /b following figures are those 
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of a number of the best available Russian turpentines on' th5 
London market, and which are, subject to some reserve, accepted 


as satisfactory . — 



e 



] 

2 

3 

1 4. 

Initial boiling point 

1 157° 

15G® 

^ 167° 

168® 

Distils bolow 156® 

^onc 

None 

None 

None 

„ 365®-160® 

1 per cent 

1 percent 

6 percent 

11 percent 

„ 1C0°-165° 

44 

46 

40 , 

18 

1G5®-170® 

37 

35 

42 

48 „ 

170®~180® 

16 

10 

10 

19 » 

,, above 180® 

3 , 

3 

3 , 

4 „ 

Specific gravity at 15® < 

0 8G3 

0 8635 

0 863 

0-868 

Refractive index at 20®' 

1-4730 

, 1 -4726 

1-4725 

1-4748 

Optic al rotation 
Absoibed by 6 per 

+ 4® 28' 

' +4° 30' 1 

+ 9® 

+ 8° 

cent KOH 

Nil 

Nil 

1 

Nil 1 

J 

Ntl 


A very large number of samples, hovever, have been even more 
largely deprived of their middle lunmngs, and contam a com 
siderable amount of hydrocaibons boiling over 180®, and also a 
considerable amount of acid bodies, winch are absorbed by caustic 
potash Such samples are quite useless to the rectifier, as tKeir 
redi&tillation must ensure the removal of the acid bodies, and also 
of the bodies boiling over 180®, with a resulting loss which causes 
the rectification to be unromuneralive 

“ The following aie typical samples of this character, of which I 
have examined a very large number lecently — < 



1 

2 

3 

4 

Initial boiling point 

14h® 

116 

-3^46® 

. 153® 

Distils below 155® 

2 pii M nt 

3 p( 1 c( nt 

1 5 5 pei cent 

1 per cent 

„ 155®~^160® 

3 

3 

3 

3 

„ 1G0®-165°) 

„ 1G5®-I70®i 

35 

31 

22 , 

36 

1 

„ 170^-lhO^ 

18 

50 

46 

50 

„ above ISC' 

12 , 

10 „ 

215 „ 

1*0 „ 

Spec ifit gi avity at 15 
Refractive index at 

0SG8 

0 8GG5 

0 878 

0 869 

20^ 

1 47G2 

1 475G 

1 4780 

1 4792 

Optical rot at ion 

4 8® 

4-0® 

j +ir 

+ 12® 45' 

Absoibed fby KOH 

6 per cent 

8 5 i)cr cent 

' 7 per ct nt 

3 per cent. 


Sample No 3 is a paitieularly bad one, the high specific gravity 
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dbmfeponding with the high refractive index and the large aij^ount 
distilling above 180®. 

Where Russian turpentine is used for the purpose of, for 
example, the manufacture of disinfectants of the Sanitas type, it 
is probably not of nearly so much importance that it should 
contain a very high amount of hydrocarbons boiling at a compara- 
tively low temperature ; but where it is used for the purposes of 
rectification so as to, as far as possible, reijjove tlie odoxir in order 
that it may be used for the manufacture of paints and varnishes, 
the distillation figuies are of the highest importance, and it is 
only samples that comply \vith certain requirements that are 
remunerative for distillation purposes. 

“ Assuming that the type of oil of the best quality that has boon 
seen on the Lofidon market for some years, and which is, and has 
been for some time, accepted as of good merchantable quality, is 
to be understood as Russian turpentine, then, in my opinion, the 
following figures would be fair standards to work upon : — 

Specific gravity at 15® 0*862-0-872 

Optical rotation + 3® to -f 20® 

Refractive index at 20^ 1*4700 -1*4760 

Absorbed by 5 per ccAI. 

caustic potash solution Not more than 3 per cent. 
Distils below 155® * . Not more than 1 ,, 

„ 170® Not less than 75 ,, 

„ 180® Not less than 95 „ 

As mentioned abov^, Professor Scliindelmeiser informs me that 
he has ne^jer met witli a pure virgin Russian turpentine containing 
less than 40 per cent, of hydrocarbons distilling betwepn 155® and 
160®. I cannot say of my own knowledge if this figure is a proper 


Specific gravity 
Optical rotation 
Refractive index 
Absorbed by 6 per cent. KOH 
Distilled below 155® 

„ 155®-100® . 

„ 160°-1G5® 

„ 165®-170® 

„ 170®-180® . 

„ above 180® 



0*867 0*865 

-f- T 50' + 10® 

1*4718 1*4736 

5 per cent 6 per cent 
Traces only Tr j cc s ( >nly 

j 65 per cent 63 per cent. 
11 „ „ 

13 „ 15 

7-5 „ „ 

1 3*6 „ * 6 ,, 
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mmimum limit tor virgin Russian tmpentmd, but those samples 
of known authenticity which 1 have exammed certainly contained 
more than 40 per cent of such lijdrotjarbons 

“ The two samples ‘^liown in table on p 777 are typical virgin 
crude Russian turpentine 

“ From tliCbO two samples the taiij and acid bodies were 
removed and the icctified hamplo m the case of No 1, had the 
following characteis 


Specific giavuty 

0 8646 

Optical lotation 

f 8® 

Re fi active index 

1*4890 

Absorbed by KOH 

None 

Distils below 155 

None 

155^-100 

68«per cent 

160"- 105 

13 

165®-170 

10 

170 -180 

7 

ab(ne 180 

2 


It IS, therofoie, obvious that tin uhole ([Ufstiou of Russian 
turpentine Te(|uiics caicful consuleiaiion, is the oil as it now 
comes into tlie London maiket vaucs voi> (onsidtiabI> even if 
it comes \Mtlmi tli< dcscjiption of * good mcKhant«iblc quality ’ 
French tuipcntine oil is usually thjghl\ Jav^orotatoiv Mopt 
samiiles will be found to have chaiactcib falling ■withm the 
follovung limits — 

Specific giavity , 0 802-0*874 

Op1i( d lotalion 20*^ to — 40^" 

Boiling point 113'" 15C 

£>t st ilia te below lO) 80 00 per cent 


Greek tuipcntine has the follow mg chaiae tei^ — 

Specific gravity o SGO-0 860 

Optical lotation |~ 34 to + 48® 

Refractive mdo\ 14070-1*4745 

Boiling jioint 1 ">3®“154® 

Indian turpentine has a highei boilmg point than American 
and most EuroiKau oils Its specific gravity is 0 865 to 0*875 , 
optical rotation 0® to 4 , and iiulial boiling ]>oint, 165®, 

The piincipal constituent of most luipentmes is the terpene 
pinene, associated with more oi less of othei terpenes, which vary 
according to the souice of the oil (For the details of the compo- 
sition sf thf' various turpentines, see “ The Chemistry of Essentia?! 
Oils,” loc cti ) 

UMBELLIFERONE.— Tins body is the lactone of umbellic 
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acid (2 : 4-diiiydro:}i!y-cinnamic acid), and is identical with 
4diydroxycoumafin. German camomile oil (from Matricaria 
CJmmomilla) contains a substance melting at 110'' and having, 
when dissolved in Ksulphuric acid, a blue fluorescence. It appears 
to be the methyl ether of umbelliferone. Umbelliferone also occurs 
in the essential oil of Larclia acanlis. 


UMBELLULAKIA CALIFORNIGA.— See ' Californian 

Bay." 

UMBELLULONE. — This body is a ketone isolated from the 
oil of Californian bay, U nibeUnJaria Calijornica, by Power and 
Lees. It is a saturated compound, of the formula having 

an odour resembling that of jnint It is a liquid having the 
following charaffters : — 


Specific gravity 
Optical rotation 
Refractive ind(‘x 
Boiling point 


0*950 at 20'' 

- 30" 30' 
1-48325 

220" at 749 mm. 


It forms a semicaj'bazone melting at 240' to 243 . 

UNCINEOL. — Baker and Smith (Jom.mu! Fioc. Roy, Soc, 
iV./iir., 1907, 41, 190) isolated this al(‘ohok of the formula 
from the essential ofl of the leaves of IldaJeuca uncinnta. 
It forms line v’hite ciystals melting at 72"^ to 73"", and has a specific 
rotation + 37''*. 

UNDECINE CARBONATES.-^Hee “Ilepline (Carbonates," 

'UNDE«YLENIC ALCOHOL. This aieuJiul is an un- 
saturated coin]K)und of the formula (flfg : C 1 I(CH 2 )«CJH[ 20 H. it 
is a liquid, boiling at 128' at 13 mm. pressure. On cooling to 
about - 20' , it solidifies, and then melts at 12''. It occurs in 
the essential (41 of the Ic^aves of LiMca odor if era (oil of trawas), 
and is mauufactuied ajtificially. It ivS used,in minute quantities 
only. Its sp(‘cilic gravity is about 0-854. ' 

UNDECYLENIG ALDEHYDE. -This body, of lb(- h.rmula 
CHg : CH(OH>)/"n(). is one of the unsalurated higher fatty 
aldehydes. *It is of use in modifying floral odours, but miist be 
employed ill minute amounts. It melts at 1 5'Wo j 7‘^, and boils 
at 113° at 13 mm. 

UNDECYLIC ALCOHOL.— This alcohol (methyl-nonyb 
carbinol) has the constitution ClJ 3 (CH 2 ) 7 CH 2 .CH{CH 3 )t)U.* It has 
been found in Algerian oil of rue, and in the oil of the leaves of 
Litsea odo^^ifera^li has an intense ododi'. Tt boils at 2.3F to 233) 
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and has an optical rotation — 5"" 12', specific gravity 0’88^, aW 
refractive index 1*440. On oxi<lation it yields methyl-nonyh 
ketone, which forms an oxime melting at 46®, anfl. a semicarbazone 
molting at 124"’. 

UNDECYLIC ALDEHYDE.— This aldehyde, of the formula - 
CH 3 (Cll 2 ) 9 CHO, is one of considerable value to perfumers, and is 
used in the modification of floral odours for the production pf 
proprietary perfume* The following method is used for its 
production (LeA\insohn, P. E. O. P., 1024, 70) : — 

Cocoanut fat contains palmitic, myristic, and especially lauric 
acids in the form of their glycerides. In addition to these acids, 
tlie hydrolysis of cocoanut fat yields small quantities of capronic 
acid (0*2 per cent.), caprylic acid (3*3 per cent.)^,and capric acid 
(0*4 per cent,). For the separation of these different aliphatic 
acids advantage is taken of the method of “ alcoholysis ” devised 
by Haller {Bull >Soc. Chim., 1907. p. 649). The fat is warmed with 
twice its weight of methyl alcohol in which 1 to 2 per cent, of HCl 
gas has been dissolved. After two hours on the boiling-water bath, 
the excess methyl alcohol is distilled off, tlie residue neutralised 
with sodium bicarbonate, and iractionatcd in vacuo, when the 
following fractions arc obtained - 

1. 95° to 147° at 1 8 mm., metlnl ei^ters of capronic, caprylic^ apd 
capric acids. 

2. 148° to 159° at 18 mm., methyl laurate (about 65 per cent.). 

3. 160° to 200° at 18 mm., methyl myristate and palmitate. 

llydioh/sts of Lamic Ester . — Three kilograms of methyl laurate 

are lieated under a reflux condenser with a solution of 780 grams 
of KOH dissolved in a suitable quantity of 95 per cent, alcohol. 
After the hydrolysis, 3 litres of wviter are added, and the liquid 
acidified with dilute sulphuric acid The still liciuid lauric acid 
(melted by tlie heat of neutralisation of the alkali) is separated 
from the aqueous Liyor, and weighs about 2*240 kg. It is dissolved 
in twice its wolglit of chloroform and di’icd over anhydrous sodium 
sulphate. 

Conversion into Aeul Chlonde. — The chloroform solution of the 
acid is allowed to flow slowly into a well enamelled 90-litro vessel 
containing 3*4 SO i^g. of phosphorus pentachloridc, vhich is wwmod 
during tlie addition of the solution, and for tw^o to three hours 
longer on the water bath. The IICl fumes arc disposed of in the 
usual v'ay. After the lapse of three hours the contents of the vessel 
are filtered through glass wool and rectified, the .receiver being 
cooled in ice for the first runnings. After the chloroform (boiling 
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p<Jint^61®) and the iP 0 Cl 3 (boiling point 110®) have di&tilled, a 
vacuum water pump is attached and the distillation continued at 
low pressure. iJauryl chloride comes over at 1 35^^ to 1 40"^ at 
10 mm., the yield being 2-320 kg. 

a-Bromolauric Acid . — To 2-320 kg. of lauryl chloride in an 
apparatus such as is used for the preparation of bromoacetic acid 
(see P. <b E. 0. R., February, 1924, p. 44) are added slowly from a 
dropping funnel 2-200 kg. (i.e., 735 c.<^) of bromine. The 
bromination requires twelve to fifteen hours at the temperature 
of the water bath, after which time the product is diluted with 
3 to 4 litres of water, shaking constantly and warming on the 
water bath to hydrolyse the bromolauryl chloride. The whole is 
then cooled, and the precipitated acid is washed twice with water, 
then with bisuIiJhite solution, in order to remove traces of bromine, 
and finally dissolved in ether. The ethc r solution is washed with 
water and dried over anhydrous sodium sulphate ; after removal 
of the ether (the last traces by means of a vacuum pump), the 
bromolauric acid is allowed to sot in an enamelled dish Yield, 
about 2-900 kg. 

a-Ilydroocylauric AcitL — In a 30ditre vessel of tinned iron the 
2*900 kg. of bromolauric acid ar^ boiled for three hours with a 
solution of 1-820 kg of KOH in 20 litres of water. The cooled 
pfoduct IS acidified vith hydrochloric acid and adiydroxylauric 
acid is piecipitatc d. A simple method for separating the liydroxy- 
acid fiom unchanged bromo acid is to dissolve the preci])itate in 
warm chloroform. On cooling, the hydimy-acid crystallihcs out 
quantitatii^ely, while the bromo-acid remains in solution. Yield 
of hydroxylaurio acid is about 2-150 kg , melting point J3® to 74®. 

Uiidccylic Aldthyde . — The aldehyde is obtained by oxidation of 
hydrox^/lauric acid with lead peroxide. In a spacious flask, 
2-160 kg. of hydioxylauric acid are treated with 2-150 kg of lead 
peroxide and 8-GOO kg. of 25 per cent, sulphuric acid, a strong 
current oi sti am being pa^ sed through the mixture The undecyho 
aldehyde distils in the steam as a colourless oil It is extracted 
from the distillate with ether, washed with water, dried, the ether 
removed, an4 the aldehyde rectified in vacuo Uiidecylic aldehyde 
boils at 116® to 117® at 18 mm. It melts at^- 4®. and has a 
specific gravity 0-830, and refractive index 1-4398. After a short 
time iihe aldehyde polymerises to a solid body, melting point 46® 
to 47®, boiling point 126® to 120® at 18 mm., anc^los^ very 
appreciably in intensity of odour. On this account the aldehyde 
is put on the market in the form of its bjpulphite compound, which 
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is readily obtained by shaking the aldehyde with conoentralad 
sodium bisulphite solution. From this compound the unpoly- 
merised aldehyde is at any time recovered by the usual method 
of warming with dilute sodium carbonate solution The yield of 
»-undecylio aldehyde is about 650 grams. The reactions involved 
in the preparation of undoeylic aldehyde may be represented as 
follows — 

^ ;JMeOH 

ghfdule oi IdiiiR at id 




KOH 

-> 

nu t]i\ 1 laiintt 

<'11X33 COOK 

HCI 

> 

COOH 

PCI3 


Bi 

ItiHiK ati<l 

» 

> 


> 

CHBr.COCl 

KOH 

^ 

<'10X31 OH Br COOK 

HCI 

> 

> 

C,„H2, C'H{ 01 I)C 0 ()H 

C,„H2iCJr(0H)C00K 


h>(iro\^ laiiiif K ul 


PbO, 

— ^ , (X), I'hKO^ , 211^0 

undttUic aldtli\dc 

The (icscrjplion of tlie nidluxls of maimladuic of the rarer 
aldehydes may he concluded wdli tlie rcinailc that the 12-carbon 
alclcliyde, Jaanc or duodccyl aldehyde, which is much Wcenied in 
pedumery^ may be pT(]iaicd fioin llie cone ^ponding alcohol by 
dehydiog(mali()iu as before described In the same way, from 
myristic ester is oblamed a normal aide hyde with fourteen carbon 
atoms, which possesses a pleasant peacJi ^*sinelL Palmitic ester 
gives an aldehjde wjith si3ttecii carbon atoms, having an intense 
odour of slrawbciric's Hince all these aldehydes possess an 
intolerablj" intense odour, they find application, as already 
mentioned, only in 1 to 2 per cent solution 

URENA LOBATA, —The leaves of XJrena loba^a, which ai;e 
known as jnnpiM in tlio Malay Peninsula, arc used to adulterate 
the leaves of patchouli {q r.). 

USiiN[E4» — ^Various tj^pos of Usnea, one of the lichens, yield 
a valuable extract containing essential oil, and which is known as 
“ mousse de chene * (q t\) 
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•^VALERIAN, 0|L OF.— See “ Nard. ’ 

VANILLA. — ^The vanilla bean of commerce is a very impor- 
tant raw material of perfumery, and is produced on a very large 
scale. Its employment, however, is handicapped to some extent 
by the manufacture on an enormous scale of artificial vanillin. 
The odours of vanilla and vanillin arc to be compared in the 
following manner* The principal odorous constituent of the 
vanilla bean is vanillin, which i.s presenUas one of its natural 
ingredients. But there are other odorous substances present in 
vanilla beans which modify and round ofT the vanillin odour. 

Artificial vanillin is absolutely identical with naturally occurring 
vanillin, and wdien both are absolutely pure their odours are 
identical. But artificial vanillin only reproduces that part of the 
odour of the behn which is due to the natural vanillin, so that the 
odour of the bean and of artificial vanillin are not identical. And 
the odour of the former is sweeter and softer than that of the 
latter, and vanillin must be regarded as a cheap hut good substitute 
for the vanilla bean, and cannot be regarded as replacing it. 

According to Ridley Spices/' Macmillan, 1012), vanilla was 
used by the Aztecs for flavouring chocolate before the discovery 
of America, and its use was adoptc^d by the S])aniard8. According 
to Morren, it was first brought to Enro])e in the early j>art of 
tfie sixieenlh eesjlury, and deseubed b^ Hernandez in Ifi/)], in 
the Rcrum Mcdiearuni Now Hi8])au<e Thesaurus.’’ It w^as, 
states Ridley. jntrudu(*ed into Engl u)d in the })eginnmg of the 
nineteenth century hy the Marquis of Blandfoid, and flowered 
and fruited in IS07. In 18J2 ])]anls from the gardens of the 
Right Hon. H (!icvi11(» ucio sent to Dr Somme, Director of 
the Botanic Gardens of Antwerp, who in 1819 sent two plants to 
Buitenzorg, in Java, where one that had survived the voyage 
flow^ered in 1825, but did not fruit. Professor Morren, of Liege, 
was the first to produce fruits in quantity, and proved that Vanilla 
planijolia was the true vanilla of commerce. He indicated lli(‘ 
method of fertilisation by hand, and suggested tliat vanilla might 
be readily cultivated in tropical countries. The cultivation of the 
plant was introduced into Java in a sj^^stematic manner by 
Teysmann in 1846. In 1850-1856 the cultiva^n was taken up 
in the island of Reunion, and thence to Mauiitius. It was also 
cultivated in Tahiti, Fiji, Zanzibar, and Java. 

Vanilla beans are the fruit, cured in various of a 

climbing orchid of which many species exist, and many hav^e been 
described as yielding the aromatic frqit. It is, however, el(4ar 
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to-day that many of these are merely varieties of the^saAe 
plant, and for all practical purposes it may be said that only two 
species are in cultivation. These are Vanilla phnifolia^ the true 
Mexican vanilla, having long slender pods, and Vanilla pomponU^ 
the West Indian vanilla, which has short thick pods, known as 
vanillons. 

Vanilla plainfolia is a vigorous climbing orchid, with long 
succulent green stem/', from which twining AJvliite aerial roots 
emerge opposite the loaves, and by ’which the plant clings for 
support to trees, etc. It is n. native of south-eastern Mexico, 
British Honduras, Costa Rica, and Guatemala, and has been 
introduced into most tropical countries. 

Vanilla jjompona lescmbles Vanilla planifolia generally in 
appearance, e’^cept that its leaves are larger, the flowers are 
larger and more fleshy, and the fruit is shorter and much tlncker. 

The flowers of vanilla, although hermaphrodite, have the stigma 
covered with a disc-iiLe membrane w^hich practically prevents 
natural pollination. And whilst it is true that in Mexico the 
flowers are sometimes fertilised by small bees belonging to the 
genus Mchpona, and by small humming birds, artifi< ial fertilisation 
IS frequently lesortcd to Bui, a})ait from Mexico, the flowers 
are either nob visited by these in-^ects, or, if they are, fertilisation 
does not icsult, so that hand feitilisation has lo be losortod to. 
It is generally stated that tins pioccss is one of great skill and 
delicacy, but, as a matter oi fact, women and children become 
quite proficient at it in the course of a few* days’ experience. A 
skilful operator can fertilise fiom 1,000 to 1,500 fletwors in a 
morning. < Vanilla pJan?Jolui flow^ers only once a year, generally 
from September to November, sometimes commencing as early as 
June. Early flowering, say, in March to May, is regarded as 
indicating an unhealthy condition of the plant. Vanilla ponipona^ 
on the other hand, ;usually gives two crops of flowers annually. 
The main season begins about the middle of July, and lasts until 
September. The second flowering usually commences early in the 
year, in January, and runs into February or March. Macfarlane 
has suggested that both species of vanilla should be 'cultivated on 
an estate, so tlB^/-, as the flowering times are different, the work 
can proceed all tlio year round. According to Ridley, a strong 
vaniUa plant in full vigour should produce up to 200 bunches of 
flowers at time, each carrying fifteen to tw^enty flowers, so that 
4,000 flowers may be obtained on a single plant. Only a certain 
number of these should be fertilised— possibly about one half‘ — 
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^ftidVhen tli© fniit# are growing the shorter ones are removed, 
leaving only about one-third as many fruits to develop as there 
were originally flowers on the vine. When it is desired to jjroduce 
only ilie long beans, which fetch a higher price than the short 
ones, still more of the young fruits are removed. 

The flowers, when they open, remain open for only one 
dfl'y, beginning to close at about three o’clock in the afternoon. 
The best time for hand fertilisation is^from eight o’clock in 
the morning till one or two o’clock in the afternoon. The best 
effects aie produced on a dry day, when it has been raining the 
previous day. The operator, usually a woman or child, takes 
the flower in the left hand and presses the lip down so as to 
expose the column, wliicli is lightly held between the finger 
and thumb. In llio right hand is held a small splinter of wood 
or bamboo, bluntly pointed at both ends, so that either end 
can be used. The cap of the anthers and the rostcllum, which 
eoveis the stigma, aie pushed up with this splinter, and by 
suitable pressure of the thumb and finger the anther cup rises, 
and the pollen is exposed and is removed by the point of 
the splinter and tiansteried to the stigma below the rostellum. 
The stigma, being sticky, retain^ flic i)ollon, and the rostellum, 
being released, tlies liack to its oiiginal position and helps to 
ptess the policm into tlio sHgma. From a tlieoietical point of 
view, it is, of course, obvious that tlie tidrisfcionco of pollen 
from other flowers would i»e the better method, but in prac- 
tice the risks oJ losing the pollen dining tiaiisfereuce between 
flower anjl flow(u* would pi-oba)>Jy result in so considerable a 
proportion of failures that the contrary practice ;s adhered 
to. Goneraily sj)eaking, 00 per cent of, the flowers pollinated 
come to fruit with average skill, but it is necessary for the 
vanilla planter to keep a carelul watch over tlio flowers in 
order to ensure that llio opeiators are performing their work 
skilfully. If tli(^ flower has been fcrtiliSeJ, it rapidly withers, 
and the petals and srpalb tall oft, but if the operation lias been 
unsuccessful, the column falls off with tlie petals. About a 
month afte^j leTtilisatioii, most planters — in Madagas(*ar at all 
events — press a niarlc on the beam to guard ^^g.iirist theft. It 
takes a period of froin four to seven mou^s for the beans 
to fully mature, the time depending on the weather. The 
fruit first becomes dark green and sinootii, buj iu^ns to 
a yellowish colour when fully ripe The pods or beans of 
Vanilla planifoha have a tendency Jo sjAit during ripening, 
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which is not the case with Vanilla pomj^ona. But spHtttog 
will impair the commercial value, so care is taken hot tO 
allow the beans to hang too long on the vinee. On the other 
hand, if picked too soon, the resulting cured beans will be of poor 
value. 

Tlie vanilla plant is one which only requires a rich top soil, and, 
given the suitable climate, any soil of volcanic origin or where 
there is plenty of hy.mus on top is favourable to its growth. 
Propagation by seed is not commercially possible, and the plants 
are always propagated by cuttings. The length of the cuttings 
is very variable — sometimes a foot, sometimes 3 to 4 feet. In 
planting short cuttings the base is inserted into the ground about 
1 inch, and a stick put close to it for it to commence climbing on. 
At least two joints of the stem must be above the* ground. As the 
plants gradually become exhausted, it is necessary to replace a 
part of the plantation every year, and some planters reserve 
annually a certain part of the plantation, where no flowers are 
fertilised, so as to strengthen them for bearing the following 
year. Strong healthy i)lants are llnm held in reserve for cuttings 
for new })]ants. According to Deltoil, the best months for making 
cuttings arc, in Rt union, Nov^emher, December, January, and 
February, the periods of heavy rains and great heat. In* the 
Malay Peninsula, whore there arc seldom dry periods of over a 
w^eck or so, almost any lime is suitable so long as there does not 
happen to be a djy S])ell at the time. 

The vanilla, being a climbing plant, reciuiivs supports to develop 
normally. In the wild state it climbs on forest trees ^ the more 
open parts of a forest by prelercncc, and attains a great height. 
When cultivated, it is essential to keep its growth reasonably 
low, as otherwise hand fertilisation and the gathering of the 
beans become matters of great difhcailty. Wlierc there are 
already suitably branched tiees on the ground that can be utilised, 
or which by pruning and topping can be made suitable, these 
should be used, supplcmoiiling them with posts and trellis where 
necessary. 

If trees have to be ])lanted, numerous varieties available, 
but some disc^nination is required in their choice, as they 
should not exhaust the soil of the particular constituents 
required by the vanilla plants, and they should be strong 
enough to resist storms. They should, too, be of sufficiently 
rapid growth to be economically useful. When the fruits are 
gathered, they have no odour of what is knowA oommerciaJly 
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ai This i» produced by the iormcntaiion which goes 

on during the curing process, of which several different varieties 
are used. # 

The so-called curing of the beans is the most important part of 
the vanilla planter’s vork, and if carried out unskilfully, 
resulting commercial vaniUa beans will be a failure. If the beans 
are allowed to become fully ripe on the plants, they commence to 
split, and as the lij^ening proceeds the bean becomes dark in 
colour and the vanilla odour develops. This is accompained by 
the development of essential oil, which exudes, and is known as 

balsam of vanilla ’’ In order to hasten the very slow process of 
' ripening and, at the same time, to avoid the splitUag of tho 
beans, artificial processes, known as “ curing,” are resorted to, 
with the result that the beans keep their condition, which they 
will not do when allowed to ripen on the vines. 

Tho principal methods of curing vanillas einjiloycd to-day are 
the following — 

(1) The Boihnq }Vc(ter Ptoce^s — ^This process was first used m 
Reunion in 3 851, and has been very successful. At first boiling 
water was used, but to day it is moie eustoinary to use water at 
a ftomewhat lower temperature, aiid keep tho beans immersed for 
a Ipngcr period. In Madagascar the curing process is to a great 
OKtont in the hands of specialists fiom Bourbon, and, subject to 
the modifications as to tompeiatiire and time of immersion of tho 
beans, is carried out as follows (Fauchdre, Le Journal tVAgricuHiuc 
TropicaJp, through B dj E 0 Kill, 15J). In certajii centres, 
where only small ])lantations exist, these specialists prepare the 
crops of several planters, receiving m this case so much per 
kilogram of vaiiill<i n'ady for market 

This preparation consists of several oporiitions — 

(а) Boding — This kills the pods and prevents their dehiscence. 
Great pots of water Jvo brouglit to the boil , tho baskets of pods 
are immersed and kept m the water for fifteen or twenty seconds 
{vide supra) 

(б) Exposure to the Hun -The pods are drained, spread on tables 
covered with woollen cloths, and left exposed to the sun until about 
two in tho afternoon. Then they are rolled up^ the cloths and 

"kept in a warm room until next day. Exposirc to tho sun lasts 
from four to ton days, a?!Cording to the weather. This part of the 
process must not be unduly prolonged, and when the pod has 
become supple and of a chocolate tint with metallic feflecfeon, it 
is time for the next process. 
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(c) Drying, — ^The pods are taken to the drying room^ whioh Ubs 
a western exposure, and with windows which are opened in the 
middle of the day when the sun is hottest. The pods, placed upon 
openwork shelves arranged round the room, remain there thirty 
to forty days, untU they arc dry. During the drying the operate/ 
must not relax his vigilance for a moment, and much experience is 
required to determine the exact degi'cc of dr3mes6 required. When 
sufficiently dry, the p9ds are hermetically sealed up in tin boxes 
to prevent further desiccation. Thus the preparation of vanilla 
takes about two months, during which the pods have lost about 
three-quarters of their weight. Although the preparation is a 
very delicate operation, many planters in Madagascar are emanci- 
pating themselves from the tutelage, sometimes tyrannical, of the 
experts, and are treating the vaniUas themselves, 5 !nd not without 
success. Then the pods are sorted, measured, and packed into 
uniform lots according to quality and length. Fifty pods of 
equal length, tied in three places with coarse thread, go to each 
bundle. The buiKlles, of equal length, are packed in tins, each 
containing from 10 to 12 kg. No packing is used that could 
damage the odour of the vanillas, and finally the tins arc soldered 
down and packed by threes in1/0 wooden cases for the European 
market. • 

( 2 ) The 3 Iexica'n Process . — This process, according to Ridldy 
{loc. cit.). is carried out as follows. As soon as the beans are 
gathered they are piled up in heaps in a shed, w’^hich protects them 
from the rain ancl sun, and in a few days,*‘when they begin to 
shrivel, they are submitted to what is known as thq sweating 
process. IJhe method by which this is carried out depends on the 
weather conditions. If it is warm and fine, the pods are spread 
out in the early morning on a woollen blanket and exposed to the 
rays of the sun. About midday or one o’clock in the afternoon, 
the blanket is folded over the pods and the bundle left in the sim 
for the remainder of the day. In the evening the vanilla is en- 
closed in airtigJit boxes, so that it may sw(‘at during the wliole of 
the night. The next cl.iy the pocK are again exposed to the direct 
action of the sun. They then become dark coffee c/)loured, the 
shade being de%|^''cr according to the success of the sweating 
operation. If the leather is cloudy, the vanilla is made into 
bundles, and a number of these are packed together in a small 
bale, ^hich^is first wrapped in a woollen cloth, then in a coating 
of banana leaves, and finally the whole is enclosed in a thick 
matting and sprinlvled with water. The bales containing the 
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largeSt beans are now placed in an oven heated to 140'' F. When 
the temperature has fallen to 113° F., the smaller beans are 
introduced and tlie oven closed tightly. Twenty -four hours after- 
wards the smaller beans are taken out, and twelve hours later the 
larger ones. During this process the vanilla has sweated and 
acquired a fine chestnut colour. The pods are then spread on 
matting and exposed every day to the sun for nearly two 
months. When the drying is nearly coAplcte, sun heat is no 
longer required, and the pods ai*e spread out in a dry place till 
they are sufficiently dry. They are then tied into bundles for 
market. This process is sometimes emidoyed in Reunion as well 
as in Mexico. 

(3) The Guiana Process. — ^The beans are packed fax dry ashes 
and left there until they commence to shrivel. They are then 
taken out, wiped, smeared with olive oil, and tied at the lower end 
to prevent dehiscence, after wliich they are left to dry in the open 
air. 

(4) The Pei iivlan Process.— In this process the beans are dipped 
in boiling v ater, tied at the lower end, and hung up in the open air. 
After about three w^ceks' chying, Jhey are smeared with oil and, 
after a few days, are tied up in bundles. 

JDrying by means of CMlciiiin chloride is a inctJiod which has 
been described in a i(‘port of thi^ Britihli Consul in Reunion in 
1897, and published in the Kew Bulhiin, 1808, 43. It is claimed 
that there is less loss^ of odour when Die water is absorbed from 
the beans by means of a hygroscopic substance, sueli as calcium 
chloride, tKan by drying them in the oj>en air. 

Consideration may now be given to the special l?onditions 
obtaining in regard to vanilla in a few of the more imj)ortant 
producing centres. 

(1) Tahiti is one or the principal producing centres in regard 
to quantity, the total output sometimes rea(5hing to 40 per cent, 
of the world’s production. Tahiti commenced to jjroducc' vanillas 
about 1850, but the quality of the beans b0gan to deteriorate, and 
Tahiti beans are less valued than otluu’ varieties. They are pooj 
in vanillin and have an odour recalling that (4 a mixture of 
vanilla, heliotropin, and plums. It has be<m sp^gosied by Russc? 
that the cause of this det(^i*ioration is due to tlie fact that the plant 
has become a local variety altex’ed from the original by climatic 
conditions. It has also been suggested that the rfletlufds of 
preparation are at fault, and that the habit of the Chinese of 
buying up the green pods and preparing tlu‘m in a rough and 
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reiEl^dy maimer, and then mixing these inferiorlieans with proper]^ ^ 
prepared pods, is to some extent responsible for tjie deterioration* 
But it is not quite certain that the Tahiti plant is actually the 
true Mexican Vanilla planifolia. At all events, in the season 1909-» 
1910 Tahiti produced 180 tons of vanilla beans out of a world^s 
crop of 390 tons. 

(2) Mexico. — A large quantity of vanilla of fine quality is 
produced in Mexi(‘o bofli from cultivated and uncultivated plants. 
Plantations are established either in open fields or in virgin forests. 
In the latter case, all shrubs, climbing plants, and such largo trees 
as would cut off too much light are cut down, leaving only those 
trees which are required to serve as supports for the vanilla plants. 
Experienced planters give preference to those treeg, which produce 
a milky sap, as the oichid attaches itself to the bark by means of 
its aerial roots, which are produced at the nodes, and by which the 
plant nourishes itself. The subterranean roots, which do not 
penetrate far beneath tlie surface, are comparatively insignificant. 
The cuttings, whiel) in Mexico are 3 to 4 feet long, are imbedded 
as far as three joints, the leaves being first stii])ped off this part, 
in a shallow trench, two agam%t each tree , the remainder of the 
cutting is tied to the tre(‘. Tiiese cuttings, 'which must be carefully 
cultivated and kept free from adjac^uit weeds, will bear fruit in 
the third year. Planting takes place in the rainy season, and if 
there is not much rain, plenty of wateiing is necessary. Where a 
plantation is set out in an open field, low-ly;ng ground is chosen, 
which is first ploughed up and sowui with maize. Whilst this is 
growing, young trees of the fig type, wdiich produce a cdnsiderable 
amount of'latex, are allowed to grow^ up, and in a year or eighteen 
months these are strong enough to support the young vanilla 
vines. 

Although It IS cleat that Vanilla plan ij alia and Vanilla pompofia 
are the tw^o cultivated species, there are a number of names 
aj)plied locally to, possibly, some slight variations in form, or 
possibly, ill some cases, to some different species growing wild, 
which occasionally provide pods which are harvested, and, 
although of lit& odour value, were at one time mixed in with 
the true vaniliaybeans. For all practical purposes it may 
be assumed that, apart from vanillona obtamed from Vanilla 
pompona, the remainder of the commercial beans are derived 
from *Vantlla planifolia in some variety or other, to which 
specific rank has at some time or other been incorrectly assigned. 
According to Sawer ('* ©dorographia/' i , 140). there are five 
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si&rt# of vanilla plants known locally in Mexico by the following 
names : — 

(a) Vanilla cbriente. This is held in greatest esteem for the 
quality of its pods, which are divided commercially into five 
classes, the first being long fleshy pods full of pulp and seed, 
and with a very fine skin ; the second, called Vanilla chicafina, 
about half the length of the preceding, and with a thick skin, 
not so fine in flavour, but still sometimes sold with it, also 
bearing the same vernacular name, '' lee,*' leq,’’ or leg,^* 
abbreviated from “legitimate.” The third sort is the Vanilla 
sacata, having a finer cuticle than the first. The fourth, Vanilla 
resef^ata, is small, dry, and only a fourth of the lengtli of the 
preceding. The fifth quality ib called basura, and is a very inferior 
product. ^ 

(&) Vanilla syloestris or siniarona^ a wild species (serf qvoert .?), 
with smaller fruit than the corienic. This plant appears to be 
botanically identical with the corknte^ but as ]t is found growing 
in dense woods whose foliage deprives it of sunlight, its pods 
cannot develop. 

(c) Vanilla westiza (mestha meaning in English middle, medium, 
or average). Tliis bears a rounder pod than other varieties. The 
^ifben unripe pods arc spotted udth blown, and the ripe pods are 
very apt to split op(‘n. 

(d) Vanilla jmena (la porcino, vanille cochon, swine vanilla). 

This variety bears much binaller pods than those of Vanilla 
coriente ; they are also rounder in form, of a darlvor green colour 
when uwipe, and exliale au unpleasant odour during the process 
of curing ; hence the name. ^ 

(c) Vanilla pompona. This plant bears a very thick short fruit 
covered with a very tliin skin. When this fruit begins to dry, it 
acquu'cs^a very flue perfume (recalling that of heliotrope). The 
perfume is, hovAcvor, considered less sv^eet tlian that of the 
coriente, and it is apt to go off or disperse by evaporation if tied 
in bundles alone, so it is sometimes packed up with one of the 
(a) varieties. It is comparatively low-priced, and is commercially 
designated vanillon, 

(3) Madagascar. — ^According to Fauchii^^ec P. dh E, 0, P., 
1914, 152), the cultivation of vanilla is4no most important 
industry in Madagaiscar. In 1912. about 100 tons, valued at 
4,000,000 francs, were produced. The variety cuK^vatqjl here is 
Vanilla planifolia. It is indigenous to Mexico, having been first 
introduced into the Natural History Jjiuseum at Bourbon, whence 
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it was carrifid to Madagascar forty years aga Formerly 
cultivated chiefly in the districts of Mahanora and Vatomandry, 
on the east coast, and in the island of Nosy-Be. Jffter the French 
conquest, the culture rapidly spread into the neighbourhood 
of Maroantsetra and Andevoranto, but the plant seems to have 
taken most kindly to Antalaha. A few ycais ago Antalaha was 
an almost unknown village , to-day thi^ little east coast port 
exports about 1,500,000 francs’ worth of vanilla per annum. 
Vanilla can grow in various kinds of soil. In Madagascar it 
flourishes in the granitic alluvial eaitli peculiar to the valleys of 
the rivers running eastward, on tlje sandy plains near the coast, 
on soils deriv('d from the decomposition of basaltic rocks, and also 
in volcanic earth. The last t\^o appear to be the most favourable. 
On the alluvial soil of Mahanora, Vatomandry, and^Tamatav© are 
some fine vanilla plantations, but hcie the plants are delicate and 
more difiicult to cultivate than those upon the volcanic earth of 
Nosy-Be or the basaltic soil of Antalaha, and less i)roductive. 
From analyses of soil made in the laboratory of the Colonisation 
Service at Tananaiive it a])pearB that phosphoric acid is very 
beneficial to vanilla In fact, the soils at Nosy-Be are extremely 
rich in both jjhosphoric acid anfi j)otash These soils contain a 
minimum of 4 per (*eut phosj)hoiic aehl, vhile that in the crater 
of a volcano, and known to be veiy fcitilc, showed 7*5 per cent. 
Fiom this it is fair to assume that the judicious use of phosphatio 
and potash manures would l>e a gnat bocai to the \anilla. As 
regards climate, one may justly conclude that* this ])lant requires 
a humid climate , certainly a long season of dryness is prejudicial, 
while sysieijiatic iirigation has been found highly beneficial. 
Vanilla plantations should be eMablished among shady trees, such 
as Alhizzia Lebhek or banana, and if the land selected be covered 
with trees and shrubs, suliieient of these are left when clearing 
the land to iirovide plenty of shade. Other trees, such as the 
mango, badamier (TirwinoUa cafajypa), baro (Hihiscua tiliaccus)^ 
are also used, but in Madagascar the filao. so much employed in 
Rif'union as a support for the vanilla, is not used. Tlio support 
commonly used is the Jalroplia Curcas, but the canile wood,” 
Droucana fiequently found also. The supports are 

placed usually 1 J or i metre ixpart in rows ^distant about 2 metres 
from on© another. 

Vanilljj. is propagated by cuttings not less than metres long ; 
these are rather expensive, as much as fifteen to twenty or even 
twenty-five centimes bein^ paid for good specimens. Great 
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IttAition is needed ; vanilla cannot exist whore weeds arc, and 
too much exposure and too much shade are equally prejudicial. 
,^The stems nec^i to be constantly raised up, trained round the 

Imports, and at times pruned. The principles of pruning are not 
welf'^iown, and each planter has his own ideas. The soil is 
periodically covered with vegetable matter, which, on decompo- 
sition, enriches the land with humus very favourable to the 
vanillas. Banana stems answer the purpose admirably. The first 
flowers appear in the third year, and if one uses very long ou< tings 
the first flowering may even apjiear after two years. In ^Mada- 
gascar flowering begins in tJune, and lasts until October or 
November. The pods mature six or seven months after fecunda^ 
tion, and the lipcncfes is rcc'ognised by the yellow tint of the 
extreme tip. * 

The culture of vanilla in Madagascar has attained great import- 
ance, and a notable increase may be expected in years to come. 
Though there is every encouragement for the colonists to extend 
this culture, they should remember the bad years of 1906-7-8, 
where the price fell so low as to leave no profit to the grower, 
•and provide against any recurrence of this. There is danger in 
the present practice of gr(ming*\anilla only, for every growth 
halS its periodic bad se<isons, and if coffee, cocoa, manioc, and 
cocoanut were cultivated concurrently wdth vanilla, disaster might 
bo averted ; and, in fact, a decided movement is just being made 
towards polyculture. 

Beyond certain ifiscct enemies, the vanilla has few dangers to 
contend^vith. Ceitain s})< i of bug ]>ic"rce tlie tender i^ids and 
destroy them, notably the Mimia riccinia, tliough thej'e are other 
varietie^s of this pest not yet determined. The best method of 
combating this trouble fumigation with cyanide, as einployeel 
injiie United States. 

In regard to the yield of pods, on the east coast of Madagascar 
600 kg. of green* {lods per hectare is considered a good crop, but the 
vanilla is a eapiieious plant, and may at times give as much as 
1,000 kg. per hectare. 

There is, iiow^cver, some difference of opinion as to the suitability 
of banana trees for shading the vanilla vines. M^aime condemns 
it for several reasons. is insecurely attstchmio the ground and 
is said to bo uprooted by a very small amount of wind, and falls 
and crushes the vines. Further, the banana exhaus^^ th^soil of 
so much potash and lime that it is said to iiijuio the nutrition of 
the vanilla vines. These objection*? fy'e probably academic, as. 
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certainly in Malay, banana trees will stand sterrns which upfoo^ 
very big trees ; and the dead leaves and stems of this tree are 
dug into the soil as manure, thus restoring the pfbtash and lime 
salts. 

(4) Reunion. — ^Bourbon vanillas are amongst the most highly 
esteemed of all Although the plant was introduced into the 
island in 1703, it was not until much later that the plant was 
cultivated for commercial purposes. Its cultivation began to 
increase very considerably about 1870 onwards, and to-day the 
output from Reunion ranks second only to that of Mexico. The 
methods of cultivation and curing arc much the same as in 
Madagascar ; indeed, as has been mentioned, the methods in use 
there have, in the main, been borrowed from Reunion. The 
'princi})al trees used for shade in Reunion are tfie blackwood 
(Jcacia LchhecL), the dragon tree {Drcpccna Draco) ^ the jack tree 
(Astocarpns inkgrifoha), the ouatior (Bomhax Malibasictm)^ and 
the pignon dTnde {Jatropha Cnrcas) According to de Floris 
{Journal of the AgricvUural Socteh/ of India, vol. xi., pt. iv.), the 
protecting trees should b(* planted 6 feet apart in east and west 
rows. They should be prunc^d from tinio to time so as to produce 
a half shade, so tliat only halt a cfay's full light reaches the vanillas 
directly they are plant^nl against the sjippoits. A ground slopJhg 
to the west is preferable, as it gives the jdants nioie warmth and 
less wind. 

Apart from tlie aliove, vanilla is cultivated and exported on a 
commercial scale in Scyelielles, tlie Coinoio Islands, Guadeloupe, 
and Martinique, and on a binall scale in Mauritius, dfiva, and 
Zanzibar. • 

The odoriferous constituents oi vanilla beans do not exist, or 
at most only to a \ery small extent, m the bean until a process 
of fermentation has taken place in the curing^ stage. According to 
L^'comie, a ferment heiiving the characters of an ox'ydase is present 
in most parts of the vanilla plant. In the ripe fruit it is localised 
in the j^aroncLyma of the pericai*]). The colls containing raphides 
are free, ajiparently, from this oxydase, which is principally found 
in the cells surrounding the fibrovascular bundles. Ledomte states 
also that in the%jj> of the plant theie is a second ferment, which 
is able to hydrol3^s^5arch, and which, whpi allowed to react upon 
the glueoside eoniferin, produces substances giving the same 
reactioi*s asftliose regularly yielded by the bodies to be found in 
the tissues of the vanilla bean. Lccomte considers that the 
glueoside eoniferin is present in the bean, and is transformed by.. 
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the* Hydrolysing ferment into coniferyl alcohol and glucose, and 
that the coniferyl alcohol is then transformed into vanillin by the 
action of the oxydase. The following analyses of two samples of 
vanilla beans are due to Konig, but they do not give the vanillin 
content : — 



1. 

2. 

Water 

25*85 per cent. 

30-94 per 

Nitrogenous matter . 

4-87 • 

2-5G 

Wax and fat 

6-74 

4-68 

Sugars (reducing) 
Non-nitrogenous ex- 

7-07 

9-12 

tractive 

30-5 

32-9 

Cellulo&o 

19-6 

15-27 

Ash • . 

4-73 ' .. 

4-53 


Vanillin may be determined in the beans by the following 
process, duo in tiic uiaiii to Ticmann and riaarnian (Bericfilr, viii., 
1115). From 30 to 50 grams of the l)Gans are minced and well 
shaken during six to eight liours witli about 1,000 c.c. of ether. 
The clear liquid is filtei’ed and the vanillas again exhausted with 
a fresh quantity of about 1,000 c.c. of ether, and the maceration, 
with constant slmking for anotfier two hour-;, and the extraction 
.repeated a third lime wiU\ 500 c.e. of ether. The residue on the 
filter is washed v ith a small ([uantity of ether, when the exhaustion 
may be considered complete. The united etluTOil extracts are 
now concentrated^ by distilling otf the hulk of the ether to about 
. 150 to 200 c.c. The licjuid is then transferred, with the usual 
precaufions, to a separator, and is three times (twice only is 
recommended in the original paper) extracted i^ith a half- 
saturated solution of sodium bisulphite. The sodium bisulphite 
solutions are mixed and well v\asJied with etluT in order to remove 
^Hfcombined impurities. It is then decomposed with dilute 
sulphuric acid, <uid the sulj)hiirous acid ikiven off by gentle heat. 
The vanillin U liberated and is extracted three times with ether, 
the ether driven oft’ at a low temperature, and the vanillin dried 
in a desiccator for a short time and weighed. Tlio following results 
were obtRined by Tiemann and Haarman foil beans various 

origins : 


31(dtc(fn 

1. First quality . 

2. j, . 

3. Medium quality . • 

^ 7P5 


Tor mif. 

•i.c<r 

1-86 

1-32 



MBR 7 


Bourbon 


1. First quality . 

• ,2-48 

2* ,, j, 

1-91 

3* „ 

2-90 

4 

>> >} • • 

1-97 

5, „ „ . . . 

. 2-43 

6. Medium quality 

. a-19 

7, Inferior quahty 

1-55 


0-75 

Java 


1. FiiNt quality . 

2-75 

2. Medium quality 

. 1-56 


Where vanillas have been adulterated with such substances as 
benzoic acid (which has been done at times by adding an alcoholic 
solution of benzoic acid to the beans in order to imitate the 
“ frosted or crystalline appearance of the better-grade vanillas, 
on which vanillin has crystallised out), these adulterants will be 
fotind in the ethereal extract after iomo\ing the v<xnillin as above 
described, as neither benzoic aeid^nor any of the probable other 
adulterants are absoibod by sodium bihiilpliite solution. 

Harms {Pharm, Zdf ^ 50, 1022, 157^) has recommended the 
following method for the determination of vanillin in the beans 
and prexjarations thereof. Three grams of the crushed beans are 
exhausted with ether in a Soxiilet tube, the ether distilled off at 
a low temperature, the residue dissolved in a little ether, the 
solution filtered, and the filtrate cautiously ovaporatedT The 
residue is treated with 50 c.c. of water at GO'^ on a water bath ; 
0*25 gram of mc/a-nitrobenzhydrazide is then added to the aqueous 
solution in a stoppered flask, which is kept for tw^o to three hours 
at 00^ and then sot aside, with occasional shakhig, for twopty-foui'^ 
hours. The vanillin is precipitated quantitatively as vanillin- 
mc/a-nitrobenzhydrazone C<,Hi.NH 4 N . CH.C 6 H 3 (OCH 3 )OH. 
The precipitate is washed with three successive quantities of 
petroleum ether to remove fat, then washed with w^ater, and then 
again with petrolq^m ether, and then dried at 100® for two hours. 
The weight multi^^'Hd by 0-4829 gives the amount of vanillin 
present. ^ « 

Walbaum {ScMmmeVs Report, October, 1009, 142) made an 
ethereal ecitraut of Tahiti vanillas and, after removing the vanillin 
by means of sodium hydroxide solution, steam distilled the 
residue. He obtained 7 grams of a liglit brown oil having a 
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^fragrajit odour, wlxich he detected anisic aldehyde and anisic 
alcohol. 

Where a perfumer has made his own spiritous essence of vanilla, 
no analysis is, -as a rule, required ; hut where lie huys a rcad}^- 
made essence an examination is sometimes necessary. 

In the examination of vanilla essence, the determination of the 
so-called lead number has been advocated by American chemists. 
As this figure depends on the amount i^f organic matter present 
.that will precipitate lead from a solution of lead acetate, and as 
there is a practically inexhaustible number of simple organic 
substances that will precipitate lead under these conditions, it 
is obvious that tho determination is of very little value. If it be 
necessary to determine whether a given liquid is, in fact, an 
extract of vfinilla beans or merely a solution of vanillin, the 
‘‘lead number will be of value. But, as the slightest addition 
of organic matter entirely vitiates the results obtained, the process 
cannot be regarded as having any scientific value. It merely 
enables the analyst to discriminate between tlioac essences of 
vanilla which have been produced from vanilla beans and those 
which have not, on the assumptioii that the manufacturer has 
produced them in a ee^rtain way .•which in tho case of tho dishonest 
manufacturer is most improbable. 

• Winton and Silvermann7»/uM^. A^ncr, Chem. 8oc.^ 24, 1128) have 
recommended the following method for examining essence of 
vanilla. Twenty-five grams of the essence arc evaporated on a 
water bath at 80°, remove the alcohol, water being added from 
time toJLime to retain the original volume. After removal of tho 
alcohol, a normal solution of acetate of load is added, drop by drop, 
until no further precipitate is formed. The li(iuid is then filtered 
through a moistened filter, and the precipitate is washed three 
time s with a few cubic centimetres of hot water. The filtrate is 
cooled, fiiiid is then Extracted with ether by repeated shaking in 
a separator. -The combined ether extracts are transferred to 
another separator, and are extracted four times with 2 per cent, 
ammonia. The ammonia solutions are combined and slightly 
acidified with dilute hydrochloric acid. The resulting liquid is then 
extracted with ether several times, and the et^r evaporated at 
room temperature, dried over sulphuric ac^ and weighed. Tho 
residue may be taken as vanillin ; but it should be warmed with 
petroleum ether, which is decanted, several time^ an^ if any 
undissolved residue is left, it is deducted from tho residue weighed 
as vanillin. * If coumarin be present, it will be found in the 
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ethereal solution from which the vanillin has been extracted bjf 
ammonia* ^ 

Winton and Bailey (Jour. Amer. Chem. Soc., 1^599, 266) prefer 
to determine vanillin, coumarin, and acetanilide, which is some- 
times present as an adulterant of artificial vanillin, in the following 
manner : Twenty -five grams of the essence are weighed into a 
200 c*c- beaker, marked at 25 and at 50 c.c. The essence is 
diluted vith water to 50 c.c. and evaporated on a water bath to 
25 c,c., at a temperature not exceeding 70°. It is again made up 
to 50 c.c‘. with water, and evaporated to 25 c.c. Solution of lead 
acetate is then added, drop by drop, until no further precipitation 
takes place. The liquid is then, after being well stirred, filtered 
throng li a moistened filter paper and washed three times with hot 
water, so that the total filtrate and washings do not exceed 60 c.c. 
The filtrate, w^hen cold, is shaken with 20 c.c. of ether in a 
separator. The ether is separated and the liquid extracted with 
three further portions, each of 15 c.c., of ether. The combined 
ether extracts are then shaken with 10 c.c. of 2 per cent, solution 
of ammonia, and with three subsequent portions of 5 c.c. each. 
The ethereal solution is reserved (B), and the eombined ammo- 
niacal solutions are rendered slightly acid with dilute hydrochloric 
acid. The liquid is then extracted four times with ether, and tihe 
other evaporated, the residue diiod at foom temperature, and then 
in a desiccator, und weiglicd (A), li acetanilide be absent, this 
may be taken as pure vanillin, which should melt at about 80°. 
If acetanilide has been detected, the residue uliould be dissolved 
in 15 c.c. of 10 per cent ammonia and the liquid twice shaken 
with ether. The ether, on evaporation, will leave a residue of 
acetanilide, Vhich is dried at room temperature, and then in a 
desiccator, and the w^eight deducted from that of the vanillin ” 
(A) previously weighed. The total amount of acetanilide is the 
amount thus obtained, together with that present in the ethc^^i 
solution (B) reserved above described The latter is transferred 
to a tared dish and the ether allowed to evaporate at room 
temperature. The residue is dried in a desiccator and weighed. 
It is then extracted several times by stining well with^ petroleum 
ether, which is tfccanted each time. If the residue is thus com- 
pletely dissolved, it^ay be taken to be entirely coumarin. Any 
undi&solved residue is probably acetanilide (melting at 112° to 
113°), and its weight deducted from the total residue gives the 
coumarfh. The acetanilide here found is added to the amount 
extracted with the vanillin. 
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% Jjox and Plaisance (Amer. Jour. Okem. ^oc,, 1916, 481) give tbe 
following method \ot the determination of vanillin in cBsenco of 
vanilla. It dl^pends on the trse of tliiobarbituric acid in the 
presence of 12 per cent, hydrochloric acid as a precipitant. The 
precipitate consists of the condensation product methoxy-hydroxj- 
benzahmalonyl-thiourea. The method of procedure is as follows : 
26 c.c. of the essence are freed from alcohol by evaporation, 
transferred to a 50 c.c. flask, and filled t^the mark with a solution 
of lead acetate. After standing for several hours at about 37^, 
the contents of the flask are filtered through a dry filter. The 
filtrate should be of a pale straw' colour, indicating the absence of 
caramel. Forty cubic centimetres of the filtrate are transferred 
to another .50 c.c. flask, and sufficient concentrated hydrochloric 
acid is addeebto the flask up to tlie 50 c.c. mark. After standing 
for a short time, the lead chloride is filtered off and 40 c.c. of 
the solution taken for determination. On adding tliiobarbituric 
acid in 12 per cent, hydrochloric acid solution, an orange-coloured 
precipitate results, which, after standing overnight, is filtered on 
a Gooch filter, washed witli 12 per cent. h> drocliloric acid, and 
dried at OS'". A correction is made for the solubility of the 
condensation product, which simouiits to 2*6 mg. The con- 
version factor for the \aiiillin equhalent of the weight of the 
•condensation product is (/♦5fG2, after making the corrections for 
solubility and the alitjuot poilion of the liquid used. 

The estimati(ui ol vaiuJlin, either alone or when in admixture 
with hchotropm or (ouniarin, has bten the sul>jcct of numerous 
•other resc'archcs, and the iollow^ing methods may lie described : — 

Von ^\llenberg {Schinnners Hi port, 1910, 93) describes a 
colorimetric process dijKuding on the colour rcf^fblting when 
vanillin reacts with isohulyl alcoliol and fiuljdjuric acid. As the 
vanillin is unevenly (hs(iilait(d in the bean, the best sample is 
TSfSen )^y using puc^s equally far apait from the centre, together 
w^ith a centre portion. About 1 gram is uscH for Ac determination. 
Tljis sample is cut in transverse sections of 1 to 2 mm, thickness, 
but which ouglit still to hang together in one spot, placed in a 
small flas^, and extracted four times under a nflux condenser 
with altogether 90 c c. of w'ut(T, l>y boiling eajrfi time for three 
to five minutes and pouiing the slightly ^(ilcd extract into a 
measuring flask of 100 <?.c. After the i'tconcn xtraction, the vanilla 
is squeezed over the funnel, and finally kneaded several times 
with a few cubic centimetres of water. The brof^ eiftract is 
brought up to 100 c.c., vigorously shaken with 0*6 gram of Fuller’s 
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earth, and then filtered. Fifty cubic cenlim^etres of the fll^atfe 
are shakc^n five times with ether free from alcohol, 50 o.c. of ether 
being used the first time, and 25 c.c. for each treatment afterwarda. 
The ethereal solution is dried over calcium chloride for from five 
to "ten minutes, iSltered, the filter washed with ether, the latter 
then being removed by distillation and, at last, by blowing air 
through. The residue is heated with 30 c.e. of water to 50® or 60®, 
in order to separate the^ vanillin from the small particles of wax, 
and made up to 100 c.c. and filtered. To 5 c.c. of the filtrate, 
in a measuring flask, 6 c.c. of a 1 per cent, solution of wbutyl 
alcohol in 95 per cc^nt, ethyl alccfliol are added, and afterwards 
20 c.c. of concentrated sulphuric acid are allowed to flow in, the 
flask being held slightly inchned. It is then shaken and allowed 
to stand for forty-five minutes. In a similar way a#* type solution 
is treated, which Jjas been obtained by dissolving 0*1 gram of pure 
recrystaUised vanillin, previously dried until the weight remained 
constant. The colorations resulting are compared in a colori- 
meter, it being admissible to dilute the solutions with dilute 
sulphuric acid (1 volume of concentrated sulphuric acid and 

1 volume of water). The vanilla content amounts to—, a corre- 

0 

“sponding to the number of milligrams of vanillin found in the filial 
solution, and g to the wtight in grams of the vanilla used. The 
value a is obtained with the aid of tables accompanying the 
treatise. 

An elaborate examiriation of the methods for the determination 
of vanillin, piperonal (hehotropin), and coumorm has, recently 
bec'ii pubhfc^ied by Radchffe and Sliarples (P. db E. O. J?., 
November, 1924, 396 ; December, 1924, 437 ; January, 1925, 20), 
which at the time of this work going to press is still unfinished, 
so that the concluding portions will be found in the succecdjncr 
issues of the publication quoted. 

The principal metliods dealt with are those of Hanus, Feinberg, 
Dox and riaisance, Doherty, and certain volumetric methods 
useful wdiere nothing is present to interfere with the use of ordinary 
indicators. 

Hanus pmpostHl to use pam-bromphe nylhydrazine or jS-naph- 
thyl-hydrazine as ]^;eeipitants of Vanillin (Zdt. Nahr. Unter* 
such. Genumn.^ 1900, 531), but abandoned hicse, as foreign bodies, 
especiayy fa^s, intoifered with the results. He prefers the use 
of weto-nitrobenzoyl-hydrazide {ibid., 1905, 587). The details 
of this process have been described above. 
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%Fejpberg (Eighth International Congress of Applied Chemistry^ 
Section 1) prefers to^use ^)ara-nitrophenyl-hydrazine as a precipi- 
tant. His process is as follows : — 

** Twenty-fivo cubic centimetres of a 0*76 to 1 per cent, 
aqueous solution of vanillin diluted with 76 c.c. of water at 00^ 
are treated with 25 c c. of 2N hydrochloric acid oontaiiung 
0*6 gram of p-nitrophenylhydrazine added drop by drop from a 
pipette. The mixture is stirred vigorousj^ while the precipitant 
is added, and the ])recipilatc allowed to stand for thirty minutes 
before filtration. It is washed on the Gi^oeli crucible with a little 
dilute hydrochloric acid, and finally with water until free from 
acid.*^ 

The first exporiinents using this method gave very low results, 
which were fowid to be due to the use of excess of hydroclilorio 


aeitl. Using for the washing solution 25 c.c. 
following results wer(‘ obtained : — 

of N/5 acid, the 

Weight vanilho take 

Weight found 

Per oont. 

O-250() gram 

0*2510 grai 

100-4 

0’2500 „ 

0*2513 „ 

100-6 

0*2500 „ 

0*2500 „ 

. 100-0 

0*2500 „ 

0*:^08 „ 

100-3 

0*2500 .. 

0 2490 „ 

90-6 

* Wci'^it inpeiotial taken. 

* Weight found. 

Pei cent. 

0*0500 gram . 

OOalOgiam 

102-0 

0*0500 „ 

0*0508 „ 

. 101-6 

0*0500 „ . . 

0 0500 „ 

100-0 

0*0250 „ 

. 0 0247 „ 

98-8 


^itjoplunylljydiazine has no action on eoumarin. Tin 
p-nitrop)icnyl)i 5 "(lra zones of vauiiliu and piperonaf are easily 
solulJc in alcohol, and thus alcoholic solutions of aldehydes can- 
not be einplo;y(‘d. Pijieronal p-nitroplu*nylhydruzonc crystalhscj: 
Trom ah’ohol in reil cjtyslaK having a fine ate(‘ly blue lustre. 

Doherty (Jour and Proc. Roy, iSoc. iV.t? ir ,• 1912) considerp 
th^ following iiruce^s lor essence of viuiilla to be the most 
reliable * — 

“ Fifty ^ubic centimetres are distilled, the distillate being 
utilised in the determination of the alcoholic strrjigth, and m the 
determination of volatilised vanilhn, 'which it invanably contains. 
The residue is acidificd^and extracted in a ^ntinuous extraction 
apparatus, or extracted in the ordinary way, four times with ether. 
The eth(‘r, which contains the whole of the AjaniUin Rss tHb small 
amount which came over in the alcoholic distillate, is removed by 
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ewpomtion or distillation from the residual ^vanillin, etc;, 
only about S c.c* remain. This is treated with 20 c.c. of a 10 per 
cent, aqueous solution of sodium bisulphite and**, after shaking 
and contact for at least an hour at ordinary temperature, is well 
washed with ether. This ether is treated with a further 5 c.c, of 
the bisulphite solution, and, after separation, may be washed and 
evaporated and the residue examimd lor the presence of foreign 
substances, &u(*h as coun^arin, benzoic acid, acetanilide, etc. The 
bisulphite solution is added to the mam portion, which is then 
acidified with dilute sulphuric acid, and this must be added in 
sufficient quantity to decompose the bisulphite, and so set free the 
aldehyde. At least 2*5 grams of H2SO4 must be added. The 
sulphurous acid produced in the reaction may be elmiiuated from 
solution by passing carbon dioxide through it. The vanillin is 
then (extracted with chloroform, using 20 c.c., 15 c.c., and 10 c.c, 
respectively. The chloroform solutions arc combined and washed 
twice with distilled water, to free them from acid, and allowed to 
spontaneously evaporate. The w'ash waters arc added to the 
chloroform-exti acted liquor, and this ib separately extracted with 
other, which is cvapoiated, and wliatever ic^idue of vanillin there 
may be loft is added to the alcidiolic distiJlate at first obtained, 
Tlie residue from the chloroform, which contains practically the 
whole of the vanillin, after drying in a \aciium over calcium 
chlonde, is weighed in a tare d dish. If properly cairicd out, the 
resultant vanillm is generally puio cnougli, though at times it 
may cfuitam some luqjurity, and may even contain some foreign 
aldchydie body, such as piperonal. The melting point should be 
taken, and a known portion dn solved in alcohol and compared 
colorimetucidly with a standard solution of pure vanillin, using 
the reaction occasioned by biominc w^ater and ferrous sulphate. 
This colorimetric method is used m determining the amou^ of 
vanillin in 11 k alcoliolic distillate. 

“ Olio cubic c^'iitimctio of tlie samjile is treated in a small 
separator with 10 c c , and then with 5 c.c., of ether, which, aOU 
separation, is allowed to evaporate in a warm place on about 
30 c.c. of distilled water. When all the ether has evaporated, the 
watery soJution^k. filtered through a moistened filter to the 50 c.c, 
mark in a Kessler gli^s. Ten drops of a freshly prepared saturated 
solution of bromine water and 10 drops of a 10 per cent, solution 
of ferrous sulphate are added in the order mentioned. The colour 
is compared w^ith a 0*2 per cent, solution of pure vanillin (tested 
by titration with deeinoimal alcoholic potash), either by simple 
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ifeeeifleridng or, pr(#ferably, with a Dubo&c colorimeter. It may 
further be simplified by adding the bromine and iron solnlion to 
the diluted essence, using 1 c.c. to 50 o.c. of water, comparing with 
a similar essence whose vanillin content is known.’’ 

Experiments were caniod out using pure vanillin, which was 
dissolved in ether and extracted with bisulphite as above. The 
process is rather long and tedious, but gives consistent results, 
althoUjgh 4 to 5 per cent, too low. • 


Weight \amlliu taken. 

Weight found. 

Pei cent. 

0-1000 gram . 

0-0991 gram . 

99-1 

0-1000 „ 

0-0956 „ 

95-6 

0-1000 „ 

0-0960 „ 

96-0 

0-2000 „ 

0-1902 „ 

95-1 ' 

0-2000 

0-1908 „ 

95-4 

Pipcronal gave the following results : — 


WeiajW piperonal taken 

Weight found. 

Per cent. 

0-1000 gram . 

0-0972 gram . 

97-2 

0-1000 „ 

0-0978 „ 

97-8 

0-2000 „ 

0-1920 „ 

96-0 

Vanillin in presence of eoumaijn : — 


W^ght vanillui taken Weight found 

\\ eight < ouinann taken. 

Weight found. 

• 0*1000 gram . 0*0901 gram. 

0-1000 gram . 

0-0987 gram 

0-1000 „ 0 0065 „ 


0-1000 „ 

0-0990 

0-1000 „ . 0-0972 „ 


0-1000 „ 

0-1040 „ 

Vanilla extract 





• jSix det ermiJiatioi IS of vanillin in the vanilla extract gave an 
average lesull of 0*2035 per (‘ent. According to th(‘ above results, 
this was tak(‘n to be 05 p( r cent , giving 100 per cent, dfs 0*2142 per 
cent Tlie alcoholic distillate by the bromine method gave 
0*0053 per cent. The total percentage, 0*0053 + 0*2142 ~ 0*2195 
TTef 'Sent., •was lala-n f»s the standard for the extract for comparison 
with the other jnctliods. 

gor furtiier details of other processes, the pajiers of Iladcliffe 
and (Sharpies above quoted should be consulted. 

vanilCin. — This body is methoxy-protocat^huic a]d(^hycle, 
0 QHgO 3 , ^he constitutional formula OH.OCMs C 3 H 3 CHO. It 
forms fine white needle crystals, melting poin^t 81"’ to 82'', or when 
chemically pure, 82*^ to 84*^; boiling point 285*^ or, at 15 mm. 
pressure, 170'’. It is the chief odorous conKstihicnf nf thovanilla 
pod, which contains about 2 per cent., and also occurs in small 
quantities in the flowers of Nigritdl^ smveoUns, m clove oil, 
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the oil of Spkma ulmaria, Peru balsam, loliji balsam, Sumatr# 
benasom (about 1 per cent ), and Siam Ijcnzoin (0-15 per oent«). 
Its presence has also been recorded m asafootida, beetroot, 
asparagus, and the seeds of Lvpinus albus and of Rosa canim. 
It was first prepared artificially by Tiemann m 1874, by oxidation 
with chromic acid of the glucoside conifcnn, which occurs in 
various coniferous woods found in noithern Germany, and melts 
at 185® This piocess was pafonled by Haarmann and Rcimer 
in 1874 and vanillin was manufactured by it commercially, 
though on a small scale at Holzmmdcn in Germany Conifenn 
was cilhtr first hydrolysed by cnmlsin or by boihng with dilute 
acid, \^iih formation of glucose and eomfeiyl alcohol, and the 
latter oxidised to vanillin, or the glucoside was fiist oxidised to 
gluco-vanijlin, a cijstalline body melting at 170° which on 
hydrolysis^ gives glucose and vanillin In the following year, 
1875, Tiemann discovered a mudi siiptiior method for the pro- 
duction of artificial vanillin by tin (Xidation oi ( ug( nol, the chief 
conditiunt of ( love and cinnamon leal oils This process patented 
by Tiemann in England m 187(» and almost simultaneously in 
France by Do Lane, is the basis of most of the present-day 
methods of vanillin manufaetuK ** The < ugtnol \^as fust separated 
from (lo\e oil by extracticni with taiislK ^oda aeetjlated 
by boding two to three hours with its own weight of acetic 
anhydride di^^solved in acetic aod, and oxidised with potaKssium 
permanganate to aeet-\anillin The solution was then made 
alkaline will) sodium carbonate, manganese hydiatc filtered 
off, and the filtrate cAapoiatcd , after acidifying with f/dphurie 
acid, the yanillni was extiactcd with ethei and the ether 
evaporate^d off Ow mg to the formation of a considerable quantity 
of homo\ani]hn, when eugenoJ was oxidised, due to the position 
of tile double bond, it was later found iiicferable to first conyert 
the eugenol int(^ isoe^Vgenol by treatment with potassium 
hydroxide solution and be^twenn 1800 and 1804 several patents 
were takem out in Fiance and Germany for this conversion un^er 
varying conditums, but all depending principally on the action 
of caustic po<a«^h at a high temperature, one of tht» most im- 
portant, by Haarmann and Rcimer, involving heating the eugenol 
with a saturated solif^ion of potassium hydroxide m amyl alcohol 
to 140® for about twenty-four hours The amyl alcohol is 
steam-if^istilVd off, the isoeugenol hberated by addition of dilute? 
sulphuric acid, and recovered by distillation in a Current of steam. 
The object of first convex tii^g the eugenol into its aoctyl-dorivative 
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\a« to protect theJKydroxyl group from oxidation, sand during the 
next twenty years a number of other methods of accomplishing 
this were patented, including formation of compounds with 
aromatic alcohols, such as benzyl eugenol, by treatment with 
benzyl chloride, of the ougenol chloride by the action of sulphur 
chloride or of phos 2 )horus oxychloride, of dinitro-pheuybeugi^uol 
by treatment with dinitrochlorbenzene in presonee of an alkali, 
of methylene dieiigeuol, and of isoeugen#! acetic acid by iteatment 
with*chloracetic acid The special advantage claimed for 
converting the eugenol into beiizjd-eugeiiol is that, on subsequent 
tre^atment ot the benzyl -vanillin (tht‘ product resulting from the 
oxidation) with con(‘entiated hydroehloi ie acid, benzyl chloride 
is regenerated and can be again utilised. 

In additioti to ]>otassium ])einianganate, many otJur oxidising 
agents have been pioposed for the conversion of eugi'iiol or 
isoeugt^nol into \aiullin, including acid sodium or potassium 
bichromate chiomyl chloiide, ozonised air or oxygen, oxygen 
ionise <1 by ultraviolet light (ic, ozone), hydrogen peroxide, 
peroxides of soda, barium, Ic^ad, or manganese ammomaoal 
copper oxide or lead or mercury oxide m alkaline solution, or the 
passage ol «i mixture oi vapolii ot isooiigcmo) and air over a 
^jJlatiniim s])irnl lu<il(d dull redness Otlitr patents have 
claimed the cketu^Iylic oxidation of €i ‘-oliition of sodium or 
peitassium eugdiale, but none of th('st', with the t‘XC(^plJon of 
bichromate or ozone has assumed any oeuisidcrable eorurnercml 
nnpoitan((‘ ATus-iu*! in 1S80 (bVeiich Patent 137323) proposes! 
successiM^ oxidation oi acc'txl eugemol, lust with potassium 
puinunganate at 35 (' , and afte^r e^xtraetion of^ the ae(4yb 
vamlliu thus U inied, with (thei% Vrith three separate quantities 
of potassium huliiomalt, and in 1907 Pritzsche &; Co (English 
27927) showed that when potassium biohiomate is used 
the yield can be gi< at lx me icaseel b)- aeldij^oii of|20 to 30 ])ej c( ut 
of sulphaiulie ’ae lel (u other similar amiuo-suipnonic aeid which 
|WV(‘iits fonnatiein of lesinous sulMances , while moie reecntJy 
Seivers and (hxaudan (Swiss j\it(mt 890) elaim a similar rcNult 
for aclditafu of a smallei quantity oi an ammo caiboxylic acid or 
ester thei(K>f ^ 

Ozone was fiisf pioposed tor the purpo^ by Otto and VetJey 
(Ftench Patent 250588, 1895), who iccomniondexl hubblmg 
ozonised oxygen through the isoeugenol itself or ^o|jition in 
UCetic acid, and claimed a yield of 50 per cent , an advantage of 
the process being that it was unnecessary to })roteet the — OEi 
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group by fornjiag the acet- or other derivative of the isoeug^oif 
as ozone exerts a selective action, oxidising only the lateral chain. 
Ten years later the process was considerably improved by Spurge 
(English Patent 21814, 1905), who ozonised i&oeugenol in presence 
of a strong aqueous solution of sodium hydrogen sulj)hitc, which 
combines with the vanillin as fast as it is formed, and so prevents 
its further oxidation to resinous bodies Ozonised air was em*- 
ployed instead of ozoni^d oxygen, thougli the maximum con- 
centration of ozone obtainable in this way was considerably less. 
With ozonised oxygen a concentration of 2*5 per cent, is readily 
obtainable, but with ozonised air the maximum concentration 
attainable on a commercial scale is 2,000 parts per million by 
volume, or 4 grams per cubic metre. In the actual production 
of vanillin, however, concentration of ozone app'^ars to play 
liille part, it being quite possible to obtain it with as little as 
200 parts per million, and the only objootion to the use of such a 
low cone^^ntration, which is, of course, much cheaper to produce, 
is the volatilisation of so much isoeugenol by the passage through 
it of siieh a large volume of ozonised air as is then required Wood 
{Chem, and Met. Eng., 1923, 80()~808) obviates this difficulty by 
passing the escaping gases through serublwng to^^ers containing 
sodium carbonate and sodium hydroxide, winch absorb the 
isoeugenol. According to Otto and Verity V original patent, 1 kg.' 
of ozone is passc‘d through 1 kg of (‘ugeiiol or isoeugenol dissolved 
in 5 kg of ac‘(‘tit acid, but this proportion ol ozone is much in 
excess of that requin d tlu'oretjcallj by the ec/iiation — 

CH, CHO ^ 

CeHaf OCH^ + 2O3 - C’^HZ-OCII 1 CH^C^HO + 20^ 

isoeugenol 07ono vanillin acetaldehyde oxygen 

lh4 jiaits. 162 parts. 44jart‘-. 64 parts. 

and in the nrtiel^ by \yood quoted above the ])o\\(t required for 
oxidation by ozone is given as ^ kilowatt-hour “per ounce of 
vanillin, which at a conc<‘nt ration of 1,000 parts per miUten 
would represent only about 15 tt) 20 giams of ozone per ounce, so 
that Otto and Verley s estimate ol the ozone required would 
appear to be rafiier too higli. 

All ]>rocesses for oxidation of isoeugenol to vanillin are 
claimed by Esclafit (Ireneh Patent 421784, 1909) to give a very 
much iijcreasjid yield if the isociigeiiol is dissolved in a fairly high- 
boiling hydrocarbon, such as toluol. 

In spite of all tho precautions that one may take, it is impossible 
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ib aroid the formation of vanilloyl-earbonic acid in appreciable 
quantity, and several methods have been patented for the recovery 
of vanillin therefrom, but Ouyot and Guy have shown (Gomptea 
Bandus, 1909, 149 , 928-931) that, when this subfetance is heated 
to 170'’ with an equal weight of dimethybp-toluidine, vanillin 
is produced, and may be extracted with ether from the acidified 
mixture. 

As distinct from tlic processes already ^^nentioned which produce 
vanillin artificially from naturally occurring bodies, viz., eoniforin 
and oug(*nol, and arc not, therefore, strictly speaking, synthetic, 
methods have been devised by which artificial vanillin may be 
produced entirely without the aid of any natural product. As 
early as 1875, Tieinann slunvod that UK^thylation of ])rotocatechuic 
acid by mcafls of metliyl iodide formed dimethyl ])rotocatcchuic 
acid, •which on prolonged digestion with hydrochloric acid repro- 
duced piotocatocliiiie acid and, at the same time, small quantities 
of vanillic acid ; the latter, on warming with calcium formate, 
gave vanillin. A year later Tiemann ajid Reimer discovered a 
general reaction between ])l)enols and chloroform in alkaline 
solution, with production of aldehj’^de-phenols. Thus ])henol 
gives salicylaldehych^, and guaiftcol gives vanillin, in accordance 
with the equation — 

/OCH3 .0110 

CcH 4 + CHOI -i- 3NaOH i + CcH^f OClTa. 

XOH, . \m 

guaiacol. chlorofonn. Rodium FOfliiim water. vanillin. 

^ liydio\i<io, chloride. 

R(‘s(»areh in directions has since gone on side by j'ide with 

that into the prudiietion of vanillin from eugenol, and since 1881 
a large number (»f proechses liave been patcntc'd for the true 
,, syr'yLhesis of vanillin, most of wliieh f.dl into two categories : 
(1) those ill wliich* an alddiydo group ^is introduced into the 
guaiacol molebule, and (2) those in which the appropriate — OH 
gR>up in protocateclniic aldehyde is methylated. 

Guaiacol is the source of much of th(‘ synthetic vanillin manu- 
factured tt)-day, and though it is a natural constituent of heeeh- 
wood creosote, and may be obtained thcTofrdtb, the synthetic 
guaiacol prepared by diazotisation of ortio-aninidiue is usually 
employed for thg purpose*. One of the rnost important patents 
is that of Geigy (English Patent 27236, 1898), yho ^ndenses 
guaiacol with formaldehyde in presence of phemyl-hydroxylamine 
sulphonie acid, produced in situ bj^ reduction of nitrobenzene- 
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sulphonie acid with cast-iron turnings. reaction may 

represented by the equation— 

/SO3H /OCH3 /SO3H 

CeH4 +C3H4 +H.CHO = CeH4 + H^O 

\NHOn \OH XNHg 

.OCH3 

^+CeH3fOH 

Vho 

Woiss (English Patent 1391/>3, 1920) heats a mixture of equi- 
molecnlar proportions of guaiaeol and lormaldehyde on a water- * 
bath for several hours with p-nil roso-dinK^thyla inline or other 
aromatic nitroso compound. A few patents {e g , Bayer, Gterman 
Patent 99568, 1897; Roe&ler, Fieneh Patent 18903^* 1906) claim 
production of vanillin by treatment of guaiaeol with anh3?drous 
hydrocyanic acid and hydrocliloric acid m presence of aluminium 
chloride, the aldimide foimed, on liydrcklj^sis wilh dilute hydro- 
chloric acid, giving vanillin ; but these processes Jiave not attained 
any commercial importance. A(*(ording to Guyol and Guy {loc. 
cit ), a 70 to 80 per cent yidd of %anillin may lie obtained by 
condensing guaiaeol with a-j8 dflv(‘tome esters, ( g , a )3-diketo- 
butyric ester, and oxidising the xirodqet by boiling witJi eoppt^i; 
acetate, which produces copper vaiulloyl eaibonate, and from this 
vanillin may be obtained by heating vith dimethyl -p4oluidinc 
(vide supra), A very gn^at disadvantage of this piocess has been 
the diOi<*ully in prodiuMiig th(' djke'tome c'steis. To obviate this, 
the Actien GeselbeliafI fur Anihn-Falirikation Inive lecently 
patented (hjiiglisli Patent 21967) the oxidation, hy (;lu 3 /ot and 
Guy's me! hod, of giiaiacxltriehlormethyl-earbinol (easily obtain- 
able by condensing cliloral liydrate with guaiaeol), after first 
saponifying it by boiling with water for several liouns ^ ^ ^ 

The complete I speeificatiou (219,676) of a proposed British 
patent by tlie Actiem-tJc'sellsclmft fiu* Amlin- FabriKation, entitled 
Improved Manufacture of Vanillin,” is as follows ' — ^ 

Guyot and Guy have shown that the condensation products 
from a diketocarboxylic acid ester and guaiaeol can b(f converted 
into vanillin by^ comparatively simple proeedime. 

These syntheses of *^iiillin have hitherto^been without technical 
importance, because of the difficulty that exists in making the acid 
esters. ^ ^ 

According to the present invention, the easily accessible con- 
densation product of chloral hydrate with guaiaeol (Berichte, 
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p. 982) can be used for the same changes as those which 
the aboTO-montioned condensation products of diketocarboxylio 
acid esters undergo. By saponifying the guaiacyltrichloromethyl- 
carbinol there arc obtained directly acids which, by suitable 
oxidation in the same liquid, become converted into vanillin. 

The following examples illustrate the invention ; — » 

(1) Fifty grams of guaiacyltricliloromethyl-carbinol are intro- 
duced into 4 litres of water, and the mijeture is boiled for twelve 
hours *in a reflux apparatus. After addition of 75 grains of cupric 
acetate, the solution is further boiled for twelve hours. It is then 

» evaporated to 2 litres and shaken out with other. The ethereal 
solution contains 18 grams of vanillin. 

(2) Fifty grams of guaiacyltrichloromothyl-oarbinol are intro- 
duced info 4titres of water, and tlie mixture is boiled for twelve 
hoursMii a reflux apparatus After addition of 20 grams of eu]>rie 
acetate, air is blown ui, while boding is continued for about twelve 
hours. The vanillin is extracted from the cooled solution, either 
by ether or chlorofoim 

(3) Fifty grams f)f guaiaeyltrichloromethyl-carbinol and 20 
grams of cupric acetate arc introduced into 4 Jitres of water, and 
the mixture is boih^d in a reflux Apparatus for tw(*lve hours, while 
aj!‘ is blown through tJie li(juid. The vanillin is obtained from the 
cooled solution in the manner described above 

(4) IVenty grams of giiaiaeyJtriehloTomethyl-carbinol are intro- 
duced into I htn* ot water, and the mixture boiled lor twelve 
hours in a reflux apparatus TJiirty gram® of eiiprie acetate are 
tlien Jidded, and the boding (oiitimied for one hour. The 
mixture is then heated in a closed vessel for half an hour at 
150"^. Vanillin is extracted Irom tlie solution thus obtained. 
7'he yield is 10*5 grams of vanillin, wdiich amounts to 93 per 

^cent^ of that theoretically possible 

(5) Tw*enty grams ()f guaiacyltrichloiomc^yl-ciirbinol, 30 grams 
of cupric acetitte, and 1 litre of whaler are heafed together in a 
ekiwed vessel for two hours at 150^ 1lie vanillin tlius obtained 
is extracted 

In their declaration the inventors claim “the manufacture of 
vanillin by saponifying and oxidising guaiacwlfrichlorometliyl- 
carbinol.’^ 

Vanillin is very cxteiisively usc‘d both iirperfiinK'ry and toilet 
soaps, partly as a fixative, and partly for its own^oclou^ value. 
As a flavouring it is also consumed in very large quantities by 
manufacturers of chocolate, biscuits, confectionery, syrups, and 
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liqueurs. It is soluble in water. 1 in 90 to 100 parts at 14%an<f 
1 in 20 at 75° to 80° ; in 90 per cent, ethyl alcohol (rectified 
spirit), 1 in 2*5 ; in isopropyl alcohol, 1 in 1*25 ; a»d fairly readily 
in ether, chloroform, and benzene. It has the character of an acid, 
due to the presence of the phenolic group, and also of an aldehyde, 
and methods for its estimation have been based on both these 
properties, as also on the determination of the m(4hoxyl gi'otip, 
though the latter is too te^^lious for commercial puri)08es. Titration 
of the — Oil group with standard alkali 1o phenolphthalbin as 
indicator is fairly satisfactory, but the end-point is not sufficiently 
definite when (^xtreme accuracy is required. Numerous gravi- 
metric methods for estimation of vanillin have Ix^en proposed, 
including precipitation and weighing of (1) its ]8-naphthyl- 
hydrazone, factor 0-5208 (Hanus, Zett Uviersuch. N^thr, Qennssm,^ 
1900, 531-537) ; (2) vanillin m-iiitro benzoyl hydrazoirc, by 
'addition of m-nitro benzoyl bydi azide, facior 0-4829 (Hanus, 
Zeil, Untersveh Nahr, Oenvssm , 1905, 585-501) ; (3) its 7 )-nitro- 
'' pheriylhydrazone (Fcinberg, Amer. Chem Jonr., 1913, 87); and 
(4) the semicarbazoue, by precipitating with sr miearbazido 
hydrochloride, factor 0-7271 (Philli])*-, Analyst, 1923, 3G7). The 
last metJiod has iJie advantag(-*that it can be used to separate 
vanillin from heliotrojnn, and in the same paper is described* a 
volumetric process based on the dcfcrmhi<itIon of the acidity 
of an anhydro- derivative, (OH)(()CJI,)C\H.,iTl - N CcH^CHa, 
formed by treatment of vanillin with j^-toliiidine. (Sec under 
“ Vanilla.’') 

Among the adulterants f(»und in vanillin may be mentioned 
benzoic achl, which is easily di^tccted by the hurc'ased acid value, 
and aci‘(aniiido, which reduces th(‘ melting jioint, and is readily 
detected by the carbylamine reaction after boilmg witli potai^h. 
Traces of acet-isoeugonr)l <lu,e to imperf(‘ct piirificatimi dyring^ 
manufacture wijl give a cherry red ocdour'whcn the kaniple in 
mixc'd witli a ft‘\V drops of coiu'cntratcd sulphuiicMcid. 

Derivatives . — Bi-omovamllin, a crystalline substance, mclfeag 
point 100° to 101^ ; iodovanillin, crystalline, melting point 174° ; 
vanillin methyl ether, melting point 42° to 43° ; v^niUin ethyl 
ether, melting ^oiiit 04° to 05°; oxime, melting point, 121° to 
122° ; semiearbazonc' molting point 232° ; ^-nltn#-phcnylhydra- 
zonc, melting point ^3° ; and p-biom-phVnylliydr.izone, melting 
point 148°. 

' ' W. H. s. 

VANISHING CREAI^S. — ^Theso are toilet creams which, 

810 



PERFV MERt 


4heTi applied to the skin and gently rubbed in, completely 
dii^ppear, leaving Ao greabiness. They are used as emoUienls^ 
and also applied to the skin prior to tho use of face powder, when 
they servo the useful pur])ose of preventing the powder from 
penetrating the pores of the skin. The creams consist essentially 
of emulsions, and contain very large quantities of water, often 
70 to 80 per cent. The emulsification is usually brought about 
by means of an acid stearine soap, in wlj^ch only a small propor- 
tion of the stearine is buiwnified, but it may also be assifoted by 
the addition of soap already prepared, either hard or soft. 
Saponificalion may be effected with soda, potash, or ammonia, 
and either the hydroxide or carbonate of the alkali may be used. 
Soda gives tJie firnu'st product, and ammonia the softest, tlie 
most satisfae^iry creams bcang probably those prepared from 
potash. The carbon dioxide lil)erated when the stearine is 
saponified with carbonated alkali is sometimes difficult to expel 
completely, and leaves gas bubbles in the* cream, so that hydroxides 
are to be preferred. A small quantity of borax is sometimes 
added ; but it mtist be remembered that this is an acid salt, and 
acts as such tow^ards soap, liberating fatty acids. It is sometimes 
considered desirable to reduce tl#e hardness of the stearine ; this 
m«y be done bj^ adding a small pnqxation of (deic acid. Other 
fatty or waxy substanecs occasionally admix(‘d arc cacao butter, 
lanolinP, sjiermaocti, soft parafliu, and jiarafiin wax. These are 
melted in Avith the stearine prior to saponification. Glycerin, 
sometimes in cousfderable quantity, i^ a normal constituent of 
yanishiijg creams, and as much as 30 ]H»r cent, is sometimes nut 
w‘ith in American and CV>ntiiu*iital prrqiarations, but in England 
the presence (d any large amount is not popular. ^ 

In the manufacture </f the creams the stearine is usually first 
meltgd with any addition of oleic acid, lanoline, or other fatty 
*or waxy ffiatter, and •the approj)riat(‘ quantity of^alkali, dissolved 
in hot water to* which is added any glyi^erin, is sh)wly run in, and 
tl^^^ixture stirred eon^ imiously till almost cold, wlum the ])erfume 
is added and thoroughly admixed. Some makers, however, prefer 
to pour thectcarine, ('it her finely pow^dered, or in the molten state, 
into tho alkaline solution to w^hich the glyof*rin 1ms already been 
added. The creams can be satisfactorily prepared in a steam- 
jacketed, enamelled, j^ass-lined, or tinne# pan, fitted with a 
mechanical stirrer. On the small scale an egg whisk is sometimcH 
employed to facilitate emulsification. A “ saponified ” ^carinc 
melting at about 55® to 56® is (be most suitable for the purpose, 
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and the usual temperature for admixture of the stearine afid 
alkali is about 80° to 85°. The mixture should be well stirred 
and maintained at this temperature for about ^fteen minutes^ 
when the steam is turned ofl, and the cream steadily stirred until 
it is nearly cold and becomes thick. Afto adding the perfume, 
it should then be set aside in a warm place and stirred occasionally 
for a day or two, ’s\liioh improves its appearance. The great aim 
of many makers is to se^^ure a pearly or satiny appearance rather 
than a dead white, and this ih dependent both on the composition 
of the cream and the ('xtent of stirring it is subjected to. Too 
vigorous and prolonged stirring tends to give a dead white effect, ' 
but stirring at intervals for a few days after manufacture helps 
to U)cn>ase the satiny app('araju‘o. Tiie pro])ortion of stearine 
is usually about 12 to 16 per cent., but u]) to 20 &t 25 per cent, 
is sometimes employed, tlunigh tlie latter figure should not be 
t*xet‘eded The amount of alkali added is generally only sufficient 
to saponify about one-tlnrd of the stearine, the remainder, of 
free stearine, having an emollient (^ffe^cl on the skin, and the 
pearly a])poarancf' has 1 k‘( n atlnbuted to the hghl reflected from 
the minute crystals of tree sti'arine suspendiul tliroiighout the 
mass. If a veay stiff cream is i^njuiied, this can be produee<l by 
the addition (d* gelatine or of a inueilaj^^ of starch, gum tragaeailth, 
agar-agat, Irish moss, or qmnec The acj^lition of zinc oxide or 
other insoluble powder is not to be recommended, as it fends to 
spoil the emulsification. 

TJutc are tliree' d(*feett> to which these crearns are liable : 

(1) failure to vanisli coni))l(‘tely when rubbed into the j^in, but 
rubbing up into small thmgh-like rolls ; (2) tendency for the 
emulsion to separate ; and (3) tendeiu'y for some of the water to 
<'va])orat<\ As ngards the first, a soda cieam is much more liable 
to tliis defect than one made fioin either potash or ammonia.^ 
On llic other li%nd, a soda cream is much tlie most stable of the 
Ihn'c. Tendency to separation is much reduced by the presence 
of the various mucilages referred to above, and the additio»«of 
glycerin, if in any considerable (piantity. heljis to retard loss of 
water by evajio ration. To avoid this entirely, howevel , the cream 
must bo packeff in as air-tight receptacles as jjossible, for which 
purpose covering with w'axed pajier, a very thin collodion mem- 
brane, or a disc of Cardboard impn^gnated with hard paraffin 
wax, is ofttnj^ resorted to. 

By boating air into creams of this type a white, opaque, and 
somewhat foamy mass is obtained, which is often slightly inodi- 
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ipSfeed, ajad sold under the name of “ snow.” Well-known products 
of this kind are tmteh hazel snow, containing 30 per cent, distilled 
solution of haniamelis in place of some of the water ordinarily 
added, camphor snow, with about 1-5 per cent, flowers of camphor 
incorporated, and peroxide snow, a cream to wliieh 5 jxt cent, of 
hydrogen peroxide (20 volumes) is added as it is getting cold. 

W. H. S. 

VEHBENA, oil of . — The true \f>rbona oil must not bo 
oonfused with the lemongrcass oil of oominorce, wliieh, on account 
of itsS similarity of odour, is frequently called verbena oil, (See 
** Lemongrass Oil.”) 

Nor must the plant from which it is obtained be confused with 
Verbena officinalis^ uhich is practically odourless. This confusion 
has long existed, and the v^cneration in which the ancients held 
verbena is sometimes crroncr>usly referred to Verbena Iripliylla^ the 
sweet-scented plant, instead of, jiroperly, to the odourless Verbena 
oJUicinalis, E. M. Holmes (P. it E (). R., 1913, 284) refers to 
So\^erby8 ‘"English Botany,” 18()6, vul. vi., p. 202, where the 
following interesting reference to the latier plant occurs * — 

“ The vervain ( Verbena officinalis) is a i>Iant with a curious and 
interesting history. It was undoubtedly the Jarba saxna of the 
ancient Druids, in honour# of which Verbenalia were held, and 
one of J/he several plfuds wJiich wore dedicated to the service of 
the altar and the desecration of tlio jiriestliood. In ancient Greece 
the plant was suppjised to })obsess extraordinary virtues. Medea 
used verbena when she gave youth again to ./?5son, and in Virgil 
it is stated tliat ihc priests bound it about their temples on the 
morning of the death oi iEncas. Vervain was usually offered as 
a pledge of good faith between the Koiuans and their enemies, as 
in the soleinn l(Mgue between Tullus Hostilius and the Albans, 
#»and #as undoubU'dly^K'gaided in the same manner as is a modern 
flag of truce. 

“ Mason describes its use in the solcnm incantation of the 
Druids thus : — 

‘ Lift your boughs of vervain blue 
Dipt in fold Hepteniber d(‘W, ^ 

And dash the moisture chaste and cleai 
O’er the ground and through the air. 

Now th^ place is purged and ^re.’ 

Something of the superstition of these early timej with^espect 
to this plant ,was transmitted to our more recent forc^fathers, who 
regarded it as a charm for many diseases. In Germany and many 
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and the usual temperature for admixture of the stearine afi^d 
alkali is about 80"^ to 85®. The mixture should be well stirred 
and maintained at this temperature for about •fifteen minutes, 
when the steam is turned off, and the cream steadily stirred until 
it is nearly cold and bc^oomch thick. After adding the perfume, 
it should then be set aside in a warm place and stirred occasionally 
for a day or two, which improves its appearance The great aim 
of many niakcTs in to sopiirc' a pearly or satiny appearance rather 
than a dead white, and this is dependent both on the comj^sition 
of the cream and the extent of stirring it is subjected to. Too 
vigorous and prolonged stirring tends to give a dead white effect, 
but stirring at intervals for a few days after manufacture helps 
to increase the satin3" appearance The proportion of stearine 
is usually about 12 to 16 p(r cent., but up to 20 Or 25 per cent, 
is soniC‘times employed, tliough the latter figure should not Ik? 
exceeded. The amount of alkali added is gem rally only sufficient 
to saponify about one third of the stearine the lemainder, of 
free stearine, having an emollient effect on the skin, and the 
pearly appearance lias been attributed to thi* light n^fiectod from 
the minute ci^’stals of free ^teanne suspcndesl throughout the 
mass, ff a very stiff cream is ilnpined, tins can lx jrroduced by 
the addition of gidatme or of a niuci]»ig(» of staicli, gum tragacairth, 
agar agar, Irith moss, or quince The adeliiion of zinc oxide or 
otlior insoluble powde^r is not to be leKoirnmuidoel, as it fends to 
spoil tJie eunubification. 

Tlieie are three defent'- to A\liieh tiie'se^ Vrcains are liable: 
(!) failure to vanish eom])lctely vlicn niblxsl into the sAin, bill 
rubbing iij) into small doughdike rolls ; (2) tendency for the 
einulsjon to siqxirate ; and (^i) t(‘ndency for some of the water to 
eva])orate As regards the first, a sodti cream is niueh more liable 
to this dofeet than one made fiom either potash or amnxonia.^ 
On the otluT li^nd, a so<la cream is much tiie most stable of the 
three. Tcndeiuy to siqiaiation is miuh reduced by the presence 
of the various mucilages ri'ferreil to above, and the additioii*»of 
glycerin, if in any considerabh' (quantity, helps to retard loss of 
v^ater by evaporation. To avoid this entirely, howcvc^i, the cream 
must ho packeft in as air-tight rooeptaeles as possible, for which 
purpose covering with waxed paper, a very thin eollodion mem- 
brane, or a disc of Vjardboard impregnated with hard paraffin 
wax, is ofte^ resorted to. 

By floating air into creams of this type a white, opaque, and 
somewhat foamy mass is obtained, which is often slightly medi^ 
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cSledt and sold under the name of snow/' Well-known products 
of this kind are witoh hazel snow, containing 30 i>er cent, distilled 
solution of hamamelis in place of some of the water ordinarily 
added, camphor snow, witli about 1*5 per cent, flowers of camphor 
incorporated, and peroxide snow, a cream to which 5 per cent, of 
hydrogen peroxide (20 volumes) is added as it is getting cold. 

W, H. S. 

VEl^BENA, OIL OF. — ^The true \<>rbena oil must not be 
confused with the lemongrass oil of commerce, which, on account 
of its similarity of odour, is frequently called verbena oil. (See 
“ Lemongrass Oil.’’) 

Nor must the plant from which it is obtained be confiisod with 
Verbena officinalis, which is practically odourless. This confusion 
has long existed, and the veneration in which the ancients held 
verbena is sometimes erroneously referred to Verbena friphylla, the 
sweet-scented plant, instead of, properly, to the odourless Verbena 
officinalis. E. M. Holmes (P. <L* E. O. R.. 1913, 284) refers to 
Sowofby’s “ English Botany," 1866, vol. vi., p. 202, where the 
following interesting reference to the latter plant occurs * — 

The vervain (Verbena offiicina^is) is a plant witli a curious and 
interesting history. Jt was undoubtedly the hoba saoa of the 
aiiojcnt Druids, in honour# of which Veybenalia wore held, and 
one of J^he several plants uliicb were dedicated to the service of 
tiie altar and the decoration of 11 k' priesthood. In ancient Greece 
the plant was supp^)scd to possess extraordinary virtues, Medea 
used verbena when she gave youth again to iEson, and in Virgil 
it is staged that the jjricsts bound it about their temples on the 
morning of the death ot iEneas. Vervain was usually offered as 
a pl(*dge of good faith betv^ccji tlie Romans and their cnemiCvS, as 
in the solemn league between Tullus Hostilius and the Albans, 
•►and # 0 s undoubtedly^ regal ded in the same manner as is a modern 
flag of truce. 

‘‘ Mason describes its use in the solemn incantation of the 
Druids thus : — 

‘ Lift your boughs of vervain blue 
Dipt in cold September dew, ^ 

And dash the moisture chaste and clear 
OVr the ground and through air. 

Now th^ place is purged and ^re.’ 

Something of the superstition of these early timej^ withjespect 
to tins plant .was transmitted to our more recent forefathers, who 
regarded it as a charm for many diseases. In Germany and many 
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|>arts of lYance it was gathered with many tm^telligible eahaiiefio 
ejaculations during certain phases of the moon, and was supposed 
to be a certain charm against witchcraft, and to it'ork miracles of 
a surprising kind.'’ 

The true verbena is Lippia citriodora ( Verbena triphylla ; A hysia 
citriodoraj, which is probably a native of Chile, and is cultivated 
in the south of France, whore a certain quantity of the essential 
oil is distilled from the leaves 

A certain amount of “ Spanish ” verbena oil is met witli, and 
until recently was believed to be derived from the same plant. 
In 1912, however, authentic specimens of the plant, which is 
commonly called the thyme-lemon plant, were obtained from 
Spain by J. C. Umney, and carefully examined by E. M. Holmes 
{Perfumery Record, 1912, 212), who definitely identified it as 
T hymns hyemalis, a plant belonging to the natural order LSbiake. 

The fresh leaves of the true French verbena yield from 0’07 to 
0-2 per cent, of essential oil, having a far more delicate odour than 
ordinary lemongrass oil. Gildemeister and Hoffmann (“ The 
Volatile Oils,” vol iii , 2nd od.) give the following recorded 
characters for a number of oils, the Spanish oils included • — 


Origin. 

Spec ifit 
gravity. 

Opti( al 
lotation. 

t 

Citral. Per cent. 

1. G^as^o 

0-900 

- 12° 38' 

36 

2. „ 

0*902 

— 12'" 7' 

28 

3 „ 

0-919 

- 16° 20' 

29-8 

4 „ . . 

— 

— 14^ 16' 

35-4 

5. 

— 

— 

66-70 

0. „ 

0-912 

— 15° 

37-5 

7. 

' 0-905 

- 12° 

26 

8. „ . . 1 0-918 ! 

9. „ . • 1 0-905 

1 - 16°, 

.21 " 

j - 12° 30' 

I 26 

10. Spain 

0*928 

' + 2° 45' 

‘ 13 

11. „ 

0-901 

-f 18° 30' 

20 

12. „ 

0*9085 

-f 9° 45' 

— 

13. „ 

0-9239 

- 6° 25' 

1 30 

14. Austraha • 

0-894 

— 16° 

1 74 

15. „ 

0-881 

— 6° 


1 


• 

1 


It mAy beetaken for certain that samples recorded under No. 6 
(above), containing 65 to 70 per cent, of citral, were not genuine 
oils, but contained lemongrass oil. A pure verbena oil from the 
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leltv«0 of Lippia citriodora has characters which rarely fall outside 
the following limits* — 

Specific gravity . , . 0-900-0‘920 

Optical rotation . . . — 10° to — 18° 

Glral ..... 20-38 per cent. 

The botanical source of the Australian oil is not known with 
certainty. Q^he principal odorous constituent of it is the aldehyde 
citral. , According to Theulier (Bull. Soc. (Shim., 1902, hi., 27, 1113), 
the French oil also contain.s limonene, geraniol, a sesquiterpene, 
and a parafilu hydi'ocarhon. 

E. J. Parry and C. T. Bennett (Chemist and Druggist, 1906, 69, 
481) reported on a sample of Spanish oil of known authenticity, 
and stated that it was an oil having an odour of thyme as well as 
of the aldchy<Ie citral. It had the following characters : — 


Specific* gravity 

0*901 

Optical rotation .... 

-f 18° 30' 

AldcLydes ..... 

20 per cent 

Amount absorbed by caustic potash. 

10 „ 

Retractive* index .... 

1*4808 

Refract ive index of first 10 per cent. 


ehstilUd ...... 

1*4779 

Relractive index of h\hi 20 pe^ cent. 


(residue) . 

1*4980 

fractionation the following fractions were obtained : — 

Below 175^ 

None. 

Between 175°-! 80 

10 per cent. 

• 18()°-190' 

13 „ 

„ 190°-200' 

11 

„ 200"-210° 

12 

„ 210°- 220° 

18 

„ 220°-2:'()° 

18 „ 

"Residue, abeve 230° . . , 

t 

1,« „ 


Charabot ancfFillct found that the oil from drie*d Spanish leaves 
(0*184 per cent.) had an optical rotation — 10" 30'. They also 
found that the oil from the Spanish flowers (0*878 per cent.) had 
an optical rotation + 9“ 50', and contained 70 per cent, of citral 
and about 10 per cent, of alcohols (phenols ?). * 

Messrs. Jtoure-Bcrtrand Fils have compared the oils distilled 
from the true (French) Verbena in Grasse, %om the leaves and 
inflorescences respectively. These had the characters giyen in 
the table on p. 816. 

From the roots they obtained 0*014 per cent., and from the 
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stems 0^007 per cent., of essential oil {Bnlleiin, Rmn-B^trwn^ 
FiU, April, 1906, 38). ^ 



C 

Leaves. 

Infiorescences. 

Yield per cent .... 

0-195 

0-132 

optical rotation 

1 

0 

0 

00 

1 

E'sters . . .ft . 

3*5 per cent. 

3*2 per cent 

Combined alcohols 

2-8 „ 

2-5 

Free alcohols .... 

16-5 „ 

13-8 „ 

Citral ..... 

36-4 „ 

29-6 „ 


Kerschbaum {BericMe, 1900, 33, 88G) isolated from the Spanish 
oil about 1 per cent, of a ketone, CioHjgO, whish ho termed 
verbenone (g.?’.). Schimniel S Co, (Report, October, 1913s 105) 
also examined a Spanish oil (No. 13 quoted in the table above 
given), and found it to contain /^e??o-]imonone, euealyptol, citral, 
verbenone, incthyMieptenone, d-citronellol, an al(‘ohol, 
having a eharaeteiistic odour of citronellol and borneol (which 
may be identical with the alcohol of this formula found in cypress 
oil), and probably caryophyllenc and a ses({uitorpene alcohol. 

Verbena oil is used to a considerable extent in perfumery, and 
is a great favourite in bath preparatiems, such as bath soap anti 
water softeners. For cheap varieties Icmongrass oil is used, but 
the more delicate odour of the oils described above is preferred 
for the more expensive preparations. 

According to Bert (Comptes Rendus, 1923, 550), cyigylacotic 
aldehyde, a compound of the formula (CH3)2.CH.C6H4.CH2.CHO, 
is obtained by condensing magnesium cymyl chloride with ethyl 
orthoformate, hydrolysing the product with dilute sulphuric acid, 
and separating the aldehyde by moans of its bisulphite compound. 
It is a pale yellow oil boiling at 243^", having a marked odour of 
verbena. ^ « 

VERBENONE. — ^This body is an odorous ketone found «te a 
small extent in the Spanish, and possibly in the French, oils of 
verbena. (Sec Verbena Oil.”) It is an oil of the formula 
C30H14O, and has the following characters : — 


Boiling poiut at 10 mm. . 103^-104'^ 

Specific gravity at 17® . . 0*974 

g Refractive index . . . 1*4995 

Optical rotation ... + 66® 


The preparation on which these figures were dfetermined by 
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iaer^hbaum {Berichte, 1900, 83, 886) was possibly contaminated 
with terpenes. Th5 ketone yielded a semicarbazone melting at 
208® to 209®. * 

Verbenone also results from the auto-oxidation of American oil 
of turpentine. This is in the dextrorotatory form, whilst that 
present in verbena oil is laovorotatory. Pure verbenone regene- 
rated from its semicarbazone has the following characters : — 

^ Boiling point ... . ^ . 227®~228® 

Boiling point at IG mm. . . . 100® 

Specific gravity .... 0-981 

Optical rotation . . . . + 61® 20' 

Melting point . . . . . + 6-5® 

Refractive index .... 1-4993 

For the cdTistitution of verbenone, see Roure-Bertrand FiU^ 
BuUefht, October, 1913, 134 

VETIVENOL. — There are at least two isomeric sesquitcTpene 
alcohols of this name occurring in oil of v(^tivert. The alcohols 
have the formula Cj 5 H, 40 . and occur both in the free state and in 
the form of esters. (See “ Vetivert Oil."') 

VETIVERT. — Oil of vetivcTst (also known as Ci(*i Cus or 
K/^as Khas) is obtained by the distillation of the roots of Vetiveria 
zf7(niioi(hs (formerly kiioW^i as Amhopoqoti mm'icatus), a plant 
growing freely in India, Ceylon, and also cultivated in certain 
parts of India, in the Malay territory, the West Indies, Brazil, 
Java, I\(^uiii()n, thf) Pliilippines, the Seychelles, and elsewhere. 
As the botamcal rolalioiislnjis of this plant have faiily recently 
b(»('n tlioroughly examined ])y Slapf, in common with those of the 
other grass oils of India, it will bo of interest to reproduce his 
report ou the plant {Kew BnUetiriy No. 8, 1906). Stapf's statement 
is os follows ; — 

11. Vettveria zrzAOTOiT)ES> Stapf. 

{Andropogon mnricatiis, Retz.) 

Khas Khas (Hind. ?). Veiiver (Tamil). 

Early History. —If we admit certain deductions of the San- 
scritists — and there is no objection to them frorrTthe botanist's 
point of view — this f^rasd, he^t known as K^ns Khas or Vpiiver^ 
must have been popular with the peoples Si Northern India for 
a very long time. W. floncs (“ Asiat. Research, ’’ 1J05, ypl. iv., 
p. 306), as long ago as 1705, identified the Usira of Kaliddsa with 
Khm Khas, and Hessler (** Susruta’s Ayurvedas/' 1850, vol. iii., 
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p. 174) (lid the same, whilst ajiumg the more recent interpiytel^ 
of Sanscrit plant names Diitt (“Mat. Med. ifind./’ 1900, p. 321) 
has come to the sam<‘ conclusion. Other Sanscrit names which 
have been interprcdc'd in the same sense are Virana, Ldmajjaka 
(or Lamaja)^ and JMld. According to the “ J^harmacographia 
Indica ” (vol. iii.. p. 571), “In Vedic times ihe ancient Hindus 
were instnict(‘d to build their houses in a jjace where the 
Virana and Knsa De^mosifichya bipinmla (Rlapl) were abundant.’^ 
Ldmajjaka is, in the same work (p. 562) n'ferred to “ camels'liay 
{V. S(hwnanthus)^ but the synonyms Dir git a rnulala (long-rooted) 
and Jalasdya (aquatic), with which Ldmijjcda is connected in the 
Nighandas^ are much more descriptive ot Khas, and Hc^yne’s 
(“Tracts Hist. Stat. India,” 1814, j). 130) and Elliot’s (“PI. 
Andh,,” 1859, p. 106) interpretation of the term as connoting the 
latter is, therefore, more plausible. Hcssler also renders the Bdld 
of Susruta with Andropogon nmricaivs. According to Dutt {loc, 
cit., p. 293), it stands for Pavonln odo/aia, another plant whose 
aromatic roots are fre(|uentlv used in Hindu medicine. But the 
fact that Rdld in Hindi actually also denotc's tli(‘ roots of Khan 
Khas, and that the Bengali, (hjj(‘ia1i, and Mahrati s^monyms 
Vdld and Valo are «a])plifHi in the same senses, su})})orts IleWler’s 
identification. In x>roof of the assumption that A7a/s A7a/s* was 
an article of some importance^ long ago, the authors of the 
“ Pharmaeographia Indica” (vol. iii., p. 572) also refer'’ to the 
discovery of some eo])p(T plates in the village of Basahi, in the 
district of Etawah, south-east of Agia, it being stated that on these 
eo]:)por plates, which are dated A.n. 1103 and 1174, the, grass is 
mentioned among the articles subject to royalties. The actual 
term used js imusliladanda, wliich Bahu Uajendralada Mitra 
{Jonr. As, Soc. Bmg, (Hist, and Lil.), 1873, vol. >lii., p. 320; 
Proc,As. Soc, Bcng., 1873, p. 161) int(uprets as mc^aning “ aromatic 
reed ” {furushkar^ aroniatio substan(*e, da 7 t(ira = stick), and henco 
also KJias KhasT The latter term, now so commonly used, is 
supposed to be of Peisian origin, but this appears to me vevy 
doubtful. It is mentioned in the “ Makhzan-el-Adwiyah (sec 
Dymock, Warden, and Hoo])er, “ niarmaeograijhia TifJliea,” 1893, 
vol. iii., p. 572^ as a kind of Jzkhir used in India, also known as 
IzkJih-i-Jami {Izlchit-7-Ajamf, foreign Izkhir), and called by the 
Pensians hihbd-wdla (l/ala root). 

The J^has w^as long ago equally well known to the Dravidio 
peoples of the south. Rheede {Ilort, 3Ialab., 1703, vol. xii., 
tab. 72) described and fibred the grass under the Malayalim 
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Same Ramaociam, ^whioh is still in use in Travancore {Ramach- 
chant Moodeen Sherif ; Ramaccam Stolz). He states that the 
roots (but notl^he leaves) are fragrant, and sold in the bazaars for 
medicinal purposes to prepare lotions, infusions, and decoctions. 
It is, he remarks, very com mon throughout Malabar, and diligently 
cultivated by the natives, who propagate it by dividing the tufts 
and planting them in loose soil. He further observes that the 
best Ramacciam grows near Tutocoriift, the port which in our 
own day is still the principal place of export of the roots of Khas 
Khas or Veliver. Itheede's figim* represents a leaf tuft with the 
leaf tops cut off. Altliougli somewhat crude, it is perfectly 
characteristic, and it is difficult to understand how the Ramacciam 
of the Horiw Malabariciis could ever have passed — as it so 
frequently Inrs do4ie — for the ‘‘ lemongrass." Hermann {Mas. 
Zeyh] 1720, p. 51) 1072-1077, also found the roeffs in similar 
use at Colombo, in (Vylon, where they won* known as LumbnUchi- 
veru (radix odorala), and the grass itself as ^Sa'wwmlara, which 
name has survived to thc^ present day. About twenty-five years 
later, Dr. Bulkt^ky sent it to (di Du Bois from Madras under 
the Tamil name 1 effyverr yetiver) tlie vernacular name by 
which the grass is best known in Europe. Petiver Mus. Petiv.,'' 
jtl99. No. p. 53) als(* rec(nved s])e(*imenvS of it from kSamuel 
Browne, of Madras, at about the same time, and announced tliem 
in his Museiiui ” as '' Uranan Ma<lray)ai(inam viajtis cvjas 
locusf(V spinvlis ijegaufer armatap Some of them he 

sent to Sehcuchzer, who from them drew^ (“ Agrostogr,,’* 1719, 
p. l()3)Fui> one of those classic* doscri])tions wliieh, for compl(*te> 
ness and accurac^y, remained long unequalled in agrostological 
literature. 

Fotmdahon of the l^^pecips. — Hij)wnymy. — notice was taken 
of Sctieu(;hzer’s dcscj ijition or of Peti v(‘r\s and Du Bois’s specimens, 
and when Linnaeus, about 1770, reccivc^d the gi;fiss from Koenig, 
he described *it (‘'Maiit. Alt.,” 1771, p. 183), as something 
under the name Plialaris zizanioides. Koenig, however, also 
sent specimens ot the grass to Betzius, who published it as 
Andropogon muricutus Ohberv./' vol. iii., p. 43^ in 1783. This 
name, which was suggested by Koenig himself, was subsequently 
adopted by Roxburgli iind most other botanists. More recently, 
however, it has been replaced by Andropogon squarro^us, a name 
adopted by the younger Limiacus (Linne Fils, ‘‘ f^ppl.,^’ 1781, 
p. 433) for a plant, also communicated by Koenig, w'ho found 
it ‘‘ cifca Zeylonam naia^is supra stagi^f profundiota,'' and entirely 
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distinct from Andropogon muricaUts. The spcimen is still in* 
Limifleus' herbarium, and was correctly identified by R. Brown 

Prodr. FI. Nov. Holl.,'’ 1810, p. 103) with his Panicttm aborti- 
vum, that is, Chamceraphis spinescens, a characteristic floating 
grass of the Indo-Malayan region. Retzius (loc, cit., 1789, voL v., 
p. 21) himself is responsible for the erroneous reduction of 
Andropogon nquarrof^ns to Andropogon murkiitns, which recently 
lias been revived, although Roxburgh (‘‘ FI. Ind erl. Carey and 
Wall., 1820, vol, i., p. 270) long ago drew attention to thd con- 
fusion. ‘‘ Zizanioides being the earliest specific epithet, it will 
have to be adopted for the Khas Khn^, so that its name under 
Veiivcua must be V. zizanioldes. 

U6PS of the IJoot^.— Koenig, in a note reproduced by Retzius, 
i*emarks : Tamulis Woetiw^er. Radices ab indigenkusitatissimiB 
ob gratum odorem queni aqua irrorata? spargunt. Ex his FJahclla 
prflceipue parantur quje pennis Pavonum ornantur.*' This 
property of tlie roots of Khas Khus of emitting a pleasant odour 
as often as tlu\\ aie wetted and as long as they are wet wavS also 
mentioned by <lones (“ Asiat. Roseareli, 1795, vol iv , p. 306) 
in 179t5. Jt lias led from early times to tlau'r lieing woven into 
screens and mats (taifua), which^are Jmng ovei doors or *set in 
windows ; in hot weather, wlieii frequcyilly sprinkled wdth water 
they cool and perfume the air. The fans (Tamil e^sr/) mentioned 
by Koenig act in the same way. The root, in the powdered state, 
enters into the composition of an Ahir Diet. Econ Prod. India, 
18S5, vol. i., p. 7), or perfumed powder used by the Hindus at the 
JJoh festhal. Such an Abir, Abu Jzkkir, is already mojiitioned* 
in the ‘‘ Aip-i-Akbari ” — the Annals ot the Emjieror Akbar, 
(Hooper, in Cfdailta R(vtei(\ October, 1904) the appellation 
standing here for Izlhir-i-Ajami, that is, A7/as Khas, The 
Scha>nanthi(^ powder which Herbert de Jager found in ui^e at 
(xoleonda in the wcon^ half of the seventeehtli century' was also 
most likely Khas' Khas powder. For what ho says is this ; ‘‘ In 
Ciolkonda, this f>(h(jtnanih((S is used in powder form for washing 
the hands on account of the very pleasant odour it imports very ^ 
quickly to the water ; but the odour ceases as soon Si the hands 
are dry,*' ^ 

While, however, the use of the roots of Vetiveria zizanioides 
for medicinal purposed and in perfumery has been universal in 
India fpr a ^fory long period, I have failed to find, among the 
earlier WTiters, any definite and indisputable reference to the 
extraction of an oil from them. It is true that Hessler, in his 
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ftra»slatiou of Susruta, mentions (vol. i., p. IGO) '' A ndropogi 
muricati spiritus dhtillalus ” ; but the word which he renders as 
‘‘ Andro2yogi (ftic) miiricaii is Mr India, which by otliers, as for 
instance by Dutt, i^ interpreted as meaning the leaf stalk of the 
lotus, so that for this reason alone the passage quoted cannot be 
adduced as proof of an early knowledge of the distillation of oil 
from Khas Khas or Vetlver. Indeed, the distillation of Vetiver 
oil in India seems to bo of very limited #xtent, and there is hardly 
any (^port, the oil being mainly produced in European distilleries 
from the imported root ; but even the impoi»t of the roots as a 
regular article of commerce appears to be of comparatively recent 
date. 

Natural Area aud Culfivaiiou, — ^The natural area of Andropogon 
muricatus iif India and CVylon includes practically the whole 
country, in the nortli \ip to altitudes of 600 metres. Although 
common in many parts of the country, particularly on the banks 
of rivers and in rich marshy soil, it is «lso at present, as in llheede's 
time, occasionally cultivated, as, for instance, in Rajputana and 
in Chutia Nagpur. Eastwards the area CKtends into Burma. 
Throughout the Malayan region, however, it occurs only in the 
cultivated state, or as an escapT' from gardens. It has also been 
jfttroduced into the Mascaj’cnes, tlie West Indies, and Brazil ; but 
it seems that in these countries oil is not distilled to any appreci- 
able ex*tent, except perhaps m Reunion, where the grass must have 
been in cultivation for at leavst 100 years, as the first sample of 
vetiver oil that was cliomically examiiK'd (in 1800) came from 
there. • 

Vetivert requires a warm, damp climate, with^an average 
temperature about 25\ and a firm sandy and clayey seal. The 
plant is propagated by cutting off fragments of the roots and 
transplanting them. Weil-eultivatcd land will yield about tons 
of marke*tablo clean Voots per hectare. , • 

Puran Singlf has examined seven samples of Ithe root (obtained 
fipom different localities, with the results given in the table on 
p. 822. 

The distfilation of the essential oil is somewhat difficult, as it 
has a very high boiling point, so that up to th? present not a 
great deal is distilled in India. A largo quantity of the root is 
exported, and this is distilled in Europe# The^ oil distilled in 
Reunion differs from that distilled in Europe, partly/>n account of 
the greater freshness of the Reunion roots, and partly on account 
of the methods of distillation. 
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The essentdal oil is a thick, brownish, very viscid liquid with ait*" 
intense and persistent odour, which renders itf suitable for heavy 
so-called Oriental perfumes, and also of considerable value as a 


1. Godhra Range . 

2. Ajmer, Raj])utana 

3. Vilibliil, United Ih'ovinees 
4 

j-* 

5. Belgaum Forest Division 

6. Y(‘on)etal Fore.sl Division 

7. Delhi 


Moisture. 1 
Percent, j 

Aali percent, 
on dry 
matter. 

E^fontial oil. 
Per cent. 

8-51 

2- GO 

0'72 

10-14 , 

3-1 

M3 

l()-4« 1 

4-3 

0-69 

9-51 ] 

4-71 

0-37 

10-88 

3-84 

0-99 

9-45 i 

3-1 

0-45 

9-81 ! 

! 2-17’ 

1-14 


perfume fixative. The oil distilled in Europe has the following 
characters 


Specifi(‘ gravdy 
Optical rotation . • 
Refractive index 
Acid value 
Est('r value 

Ester value after acetylation 


l*014~l-040 
+ 25^ to + 3S^ 
I *52 10-1-5270 
27-05 
10-25 , 

130-160 


The oil is soluble in 1 to 2 volumes of 80 per cent, alcohol, the 
addition of more alcohol causing turbidity. « 

This oil is not often adulterated, but sometimes artificial esters, 
principally glyceryl acetate or benzyl benzoate, are found present, 
and should be s(‘arehed for. 

The oil distilled in Reunion usually has a lower specific gi^avity 
than that distill<wi in Europe. Its character^ arc as follows : — 


Specific gravity . 

Optical rotation 
Refractive index 
Aeid^alue 
Ester value 

Ester value after acetylation 


0- 980-1-020 

+ 15*^10 + 37 ^ 

1- 51 60-145280 

4-20 

r >~20 

105-146 


The solubility of the oil in 80 per cent, alcohol is the same as 
that of the European-distilled oils. 

Puran Singh (Chemist and Druggist, 1914, 85 , 225) gives the 
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^iiolljwing figures for a sample distilled in India, and rectified by 
means of steam ditftillation : — 


Mpeeffic gravity . . . , I ‘Oil 

Optical rotation .... —30*65'^ 

Refractive index . . . . 1*5105 

Acid value . . . . .10-5 

Ester value ..... 69*0 

Ester value after acetylation ^ . . 132*8 


Tlfe la^vorotation was due to the fact that the resinous matter 
which reniaiticd in tlu* still was highly dextrorotatory (+ 488^). 
Oommeroial distillates, hovever, alvays contain iJiis resinous 
matter, and an' dexti-orotatory. 

Roiirc-Brrfrand (Bnlldin, April, 1914) have distilled 

vetivert rt)(fts produced in the Philippines, with the following 
resuhs : — 

On submitting 197 kg. of these roots to distillation, they 
extracted from them 1*340 kg. of direct essential oil, and by 
exhausting th<' condensed watias by means of light petroleum 
spirit, after using this solvent for rinsing out the various distillation 
utensils, tlie\ obtained a turther (piantity of 0*475 kg. In all, 
therefore*, they obtaiiu'd I -SI 5 ^g. of volatile oil, which brings the 
^)tal yield up to 0*92 per^c<'nt. 

Belo\A an‘ the priiu'ipal cliaraeters of this product, determined 
on the direct ossenii.il oil , - 


Speeifii'^fravity . . . . 

Oplic.d rotation .... 
Hot<dion ot t]i(‘ acotylalcd (al 
I )c( r(‘asc in rotation 
Soliil)ility in SO per cent, alcohol 
Acid value ..... 
Pocfliciont of sa])onilication . 

Ester valu^' .... 
IVoportiou of C'^tcr {acetate of* an 
alcoliol, ('ijlIj^O) 

Oocfficicnt of saixmiljcation after 
acetylation . . . . 

(fonibint'd alcohols, . . 

Free alcohols .... 
Total alcohols .... 


1*0139 
•I 30'^ 8' 

+ 12 ^ 32 ' 

17^30' 

0*7.? vol. and over 
21*5 
28*0 
6*5 

* 3*0 per cent. 

165*2 

2*5 per cent. 

74*0 


Bacon describes the oil of Amlropogdh squarrosns (?), which 
grows freely in the Philippines, where it is kno^J;n as vetivert ; 
the oil, however, does not resemble vetivert at all in odour {Philipp, 
Jour. Science y 4| 93), 
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Goorgi (see P. d} E, O. P., VJ24, 289) has distilled the oil irotti 
roots grown on the Government experimental plantations at' 
Sordang, but at present the oil is not distilled oir a commercial 
scale in Malaya. The oil was examined at the Imperial Institute, 
and was found to have the following characters : — 


Specific gravity .... 1 *032 

Ih‘fractive index .... 1*5240 

Acid value . • . . . . 35*5 

Ester value . . . . .11*8 

Ester value alter acetylation . . 1C>2 


An oil distilled in the Fiji Islands was examined at the Imperial 
Institute (Bull Iwp, 1912, 10, 32). It was of a dark green 
colour, and had a specific gra\ity 1*0298, and an acid value 35-3. 

The constituents of vetivert oil are, at present, not completely 
understood. According to Franz Fritzscho & Co. (German 
Patent 142415 of 1902), the oil is, in the main, composed of a 
mixture of ketones, which they termed vetirone or vetiverone, 
having the em])irical formula probably consisting of 

several isomers, wliich boil at about lOO"* at 10 mm. and have a 
specific gravity about 0*990. They also state that there are 
present two alcohols, which, although ot different formulT, they 
named vetirols or vetiverols, and wliich had the following 
characters : — 


Formula . . . 

Bolling point at 10 mm . 

Siiccllic gravity . 0*980 


CnH.gO 

174 ^- 170 ° 

1 * 020 , 


Geuvresfeo ^ and Langlois (Comjite.^ 1902, 135, 1009) 

examined the oil, and claimed to have isol.tted a sesquiterpene, 
C\^H24, wdiieh they named vetiveue, a eolouiless oil liaving no 
odour, boiling at 263'' at 740 mm., of specific gravity 0*932 at*’20"', 
and optical rotation -i 19'. They also claimed to have 
isolated another odourless constituent from the oil which was a 
sesquiterpene alcohol, which they named vetivenoi. This.bod;i^ iS 
described as a viscid, pale yellow, odourless oil boiling^at 169° to 
170° at 15 mm., having a specific gravity 1*011 at 20°, and optical 
rotation + 53° 43'. On dehydration by means of oxalic acid, 
this alcohol yields the sesquiterpene vefivene. According to 
Genvresse and Langlot, the odour bearer of vetivert oil is the 
ester of /Iiis alpohol, vetivenoi, with an acid (or mixture of acids) 
of the empirical formula C15H24O4. ScJiimmel db Co, {BmcM, 
April, 1899, 50) have found crystals of zinc palmitate in a vetivert 
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gpv^liich had bccji kept for Home time in a zinc container, and 
consider that palmitic acid is a constituent of the oil. 

Bacon {PhiUpp. Jour. Sci., 1909, 4, 118) does not agree with 
the views of Genvresse and Langlois, since the oil, when saponified, 
retains a masked vetivert odour, which the latter chemists ascribe 
to the ester, stating that the free alcohol is odourless. Bacon 
obtained a considerable amount of benzoic acid on the saponifica- 
tion of the oil. 

Thfe most reliable and authoritative work on this oil appears to 
be that of Seinmler, Eisse, and Sclirotor (Berichfe, 1912, 45, 2347). 
These chemists examined an oil distilled by Schmmel d* Co., 
whieli had the following characters : specific giavity at 20°, 
1‘0239 ; optica] rotation,, -f- 31° ; and refractive index, 1-5255. 
Four hundred grams were fractionated at 12 mm., with the 


bllowing I’csults : — 

I*er cent. 

Fraction A, 1)oiling at 129°-! 75° . . 23 

„ B „ 175°'-! 90° . . 34 

„ C „ 190°-250° . . 8 

„ 1) „ 250°~300° , . 30 

Fraction 1) was resolved into^two fractions as follows : — 

Per cent. 

\)a, boiling 41 1 l3S°-200° • .28 

1)5, „ 2G0°-298° . . 02 


The fraction l)a was found to consist of an ester, C30H44O2, 
the constituent elements being an alcohol, C15H24O, and an acid, 
C]5H2202» Tlte alcohol, which a])pears to be the vetivcnol of 
Cenvi'isse and Langlois, has the following characters : boiling 
point, 170° to 174° at 13 mm. ; specific gravity at ^20°, J-0209 ; 
optical rotation, 1*52437 ; and molecular refraction, 00. Vetivenol 
is therefore })iobably a tric3'clic ses(|iiiterpon(' alcohol with only 
one double linkage. The acid, C\5ll2202, has been named vetivenic 
acid. It boils at 202*" to 205' at 13 mm. * 

Fraction C yielded a mixture of isomeric sesqfiiterpene alcolmls, 
fticfuding the tiicyclie vetivenol above described, and a dicycJic 
vetivcnol. ^This fraction also contained vetivenic acid. 

From fraction A two ses(j[uiterpenes were obtained, which are 
termed vetivene, and which had the following characters : — 


Tric^olio Bicyclic 

vetivone. § vetivene. 

Boiling point at 16 mm. 123°-130° • . . 137®~140° 

Specific gravity at 20° . 0-9355 . . 0-932b 

Optical rotation . . + 2° 16' .. — J0° 12' 

l^fractive index . . 1-5U26 .. 1-51896 

•* : 825 



PERFUMERY 


The same chemists examined an oil distilled in Reunion, whicii 
had a specific gravity 0*9916 at 20 " ; optical dotation, + 24 ^ 6' ; 
and refractive index, 1-52429 ; and a second oil, of itpecific gravity 
0-9982 at 20 "" ; optical rotation, f 31 ® ; and refractive index, 
1 * 52517 . Jn those oils very little of the vetivenol ester of vetivenic 
acid was found, but both the isomeric vetivenols and the votivenes 
were present. 

Vetivert oil is used to a considerable extent in high-class 
perfumery. • 

VIOLET, THE ODOUR OF.— See also lonone. — Few 
perfumes are more popular than that of the violet. But the 
violet perfume as it has been placed before the j)ublic has bad 
some vicissitud(^s, and the popular taste of to-day is not that of 
yesterday, and possibly will not be that of to-morrcjw. The per- 
fume was origitidlly valued for its leal jesemblanee to the peffumo 
of the natural flowers. Then came the discovery of iononc and 
its relations, and the powcrtul violet-like odour of the artificial 
perfume ousted the sweet, delicate, and mu(*h more ex})ensivc per- 
fume derived from the flower. To day the bulk of the “ violet 
peifume offered to the [mbiic- is jiurely aititi(*ial, (-onsisting entirely 
of ionone or its derivatives. small propoition is a mixture 
of the artificial and natural products ^ and a minute j)ro])orti<34i 
7nay be the really natural perfume. But the ])erfum(‘ of a bunch 
of violets embedded in the gre(*ii leaves of the jilant is far sweeter 
and more refreshing than that of the flowTrs by tliemselves. This 

violet-leaf ' perfume, added to that of the ‘‘Violet flower,’' has 
also been to some extent matched synlhetieally by conupounds 
of the methyl-he])tine-carbonate type {q.r.). Thus the manu- 
facture of artilieial violet perfumes has been brought to a high 
degree of perfection, and no branch of the perfupier’s art is 
more dependent on artificial products than the manufactiu’© of 
the violet odours ' ^ 

Tlie flower Vic^a odorala is a native of Europe, ^tnd is found in 
the woods, groves, and hedges throughout nearly all ]5uropea«i 
countries, and also in Siberia, China, and Japan. There arc a 
number of varieties of this species of Viola, nearly all Sf which are 
beautifully see^ited. Of these the following are the principal : — 

(1 ) V ar. milgaris. The flowers are, according to Sawer Odoro- 

graphia,” i., 104 ), dee|; purple or purplish-hlue, pale and streaked 
in the mouth. The perfume is very delicate. " 

(2) "^ar. ccerulea. The flowers are blue and very delicate in 
odour. 
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*♦*(3) Var, purpyreo-plena. The flowers arcj purple, and double. 

(4) Var. C(rrHleo-f)lemt. The (lowers are blue, and doubl(\ 

(5) Var. paiyido-plpva. The (lo\^ers are })alc blue, and double. 
This variety is usually termed tlie hleapolitan violet. 

(6) Var, aJba. The liowers are white, it is very plentiful in 
Surrey. 

(7) Var. albo-pleyia. The dowers are white, and double. 

(8) Var. varigafa. The flowers are variegated. 

(!))• Var. cornuia. The flowers have horned jjetals. 

The habit of growth of all these varieties is trailing. There are 
nearly 200 si)ecics of Viola, of which some others than Viola 
odomta arc scented ; but those prjnci])o11y cultiv^ated in tlu‘ south 
of France for their perfume are the double purple and double blue 
varieties of odorala, especially the N(^apoIi1an violet, and 

varieties known as '' Victoria " and “ JVinoe f)f Wales ” (but .w 
bfrloiv). According to the Pirjnmcry and Ef^,seniial Oil Record^ 191(5, 
315, the young plants are usually ])lanicd out in the rainy season, 
genfTally in October. The ground is previously broken up and 
well manured, and the plants are j)Iaced in furrows. The most 
suitable place is in the olive groves, wliei*e th(‘y are well ])i*oteeted 
from the sun’s rays in summer and from tlie extreme cold in 
^ inter. Plow ('ring eommences towards the I'lul of Novf'inber. and 
111 December tlie leaves (fro almovst overshadowefi by the Howers, 
whieli*lhen bloom in pnjfu.sioii. The flowers an* picked twdc'c a 
W'cek, as they lose their jierfume if allowed to remain on the plant, 
and must all be*gathejed before they become overgrown with 
’ leavcijj I’liey are eoll(H*1(*d in the morning and taken to the 
factories in the afternoon, as they ra[)i(lly lose their perfume when 
picked. The ])lauts are sonuwvhat delicate*^ and tl#ir liarvest is 
subject to \arious climatic* inlluen<*es. Every four or five years 
the old plants are !vmo\(‘d and young roots substitutc'd and 
placed between tlie, old rows. The second year’s growth is the 
most produ(*tive. • 0 

^ J’he violet may be propagated by means of seeds, l)y stolons or 
runners, and separation of tufts. The suckers are si*paratcd from 
the mother plant from January to Mareli, and ])ianted in rows 
50 cm. apart, with a space of 25 to 30 cm. betii^een the plants. 
Towards the end of June each year the lower parts of the jilants 
are banked up, and if%iuch exposed to t!^e sun, they are covered 
with brambles. • 

The violet' always requires good manure, and In th# autumn 
liquid human manure is beneficial. Every year, after flowering, 

# 
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the yotmg shoots which are detrimental to the development Of 
tufts are removed . * 

There are several distinct varieties of Viola odonata, the colour 
of the flowers ranging from wliitc to blue and deep purple. The 
varieties chiefly cultivated for their perfume are the double purple 
and double blue varieties. Tlie variety known as double 
Parma ” is also a favourite. 

The perfume is extracted by the hot maceration method, the 
fat being afterwards washed with aleoliol for the production bf the 
triple essence. I'lie volatile solvent method of extraction is now 
very largely em])loyed for the production of concrete essence and 
absolutes.’' The products obtained by this method are more 
stable than the pomades, and can be ke])t indeftiiitely for dilution 
with spirits of wine when required 

Extracts of k-' ivavcs are also prepared for perfumery 
for scenting soaps. These are })repared by the 
IK'trolcuin ether process, and are uMially sold in a semiliquid 
form, grocn in eoloiu’. 'I’lie addition of tJiis extrnet to the floral 
extract or to the artificial product gives a charaetiTistic leaf 
odour, which greatly improves the boiiqui't and foj-ms an ideal 
Violet pedume, the odour of which is rendered more lasting. Care, 
however, should be taken not to use* loo much \ 

According to a writer in Les Parfiims de Ftancf (1924, 13 , 27), 
the Parma violet and the Victoria vioJet, with perhaps a small 
but diminishing quantity of cioHfes des ho/s, practically furnish 
all the natural violet perfume used in commerce. The plants are 
exhausted after six to seven years’ production. Ho poiots out 
that the crops of Victoria violets before the war amounted to 
about 130,009 hg. ])er annum, but to-day they come to only about 
60,000 hg., of whic-h only 20,000 kg. are employed in perfumery. 
Ihe principal indeed, almost the only — variety of the Victoria 
violet now used in perfumery is La Laxmne. The Varieties 
pmcess of Wales, Wilson, and Czar have almost disappeared 
from cultivation. 

As has been indicated above, the essential oil of the violet flower 
is not capable of extraction on a commercial scale. The chemistry 
of the oil is not ‘fully understood, but for the investigation of the 
allied odours of ionone and irone, see under “ lonone ” and 
“ Orris Root.” ( 

The leaves of the fiolet are extracted in the south of France 
by volatile solvents, and commercial products of the nature of 
absolutes or concretes are obtained by this process. The perfume 
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leaf extract is so powerful and, on dilution, so attractive 
that the extract is of the greatest value to perfumers. 

The essentiai oil of violet flowers — of which 1,000 kg, arc 
necessary to produce 31 grams of oil — has been examined by 
Von Soden {Jour, Pralt, Cliem.y 1904, ii., 69, 261). It is an oil 
having a faintly greenish colour, of specific gravity 0-920 ; optical 
rotation, + 104° 15' ; acid value, 10 ; and ester value, 37. 

Viola tricolor, the common pansy, yields, when the whole plant 
is distilled, 0-0086 per cent, of an essential oil which has a decideni 
odour of wintergreen. The oil appears to consist almost entirely 
of the ester methyl salicylate, whicli is derived from a glucoside 
present in the plant. 

Goris and Vischniac (BullethK Bon re -Bert rand Fils, 7\pril, 1921, 
3) have examined the essential oil of violet roots. They Jiad 
observed that in ceriain cases glucosides occur in the roots of 
plants, and the roots, when properlj’ treated, yield, by decompo- 
sition of these glucosides, an essential oil which closely rc'sembk^s 
the essential oil of the flow’crs. 

One day, in the country, they were struck by a strong and 
agreeable violet odour emanating from a hedge at the foot of 
which there was a thick bed of Wola odorata ; tliis was surprising, 
tlie plant was not 3^et in flower. On closer examination they 
saw that in pecking the soil some fowls had laid bare the roots 
of the*\iolet, and Jiad bruised the tissues of the subterranean 
organ. This gave rise to the odour, which was noticeable at a 
considerable distance. The}" repeated the experiment and, on 
bruising some fresh rootr>, confirmed their observation. The odour 
was, howevcT, less agreeable, as it was contaminated with a 
somewhat stale hc*rbaceous odour. ^ 

Messi's. Itoure-Berframl Fils ])laced at their disposal the raw 
matejj^ial necessaiy to carry out tlie preliminary investigations. 

•One hiTndred and Uventy-tuo kilograms of vioU^t roots gathered 
in March in the Grasse district were sterilised, and afterwards 
^"iMUsted by boiling alcoluJ with the addition of carl>onate of 
lime. On distilling the alcohol, an extract W"as obtained wbicii 
they treateS in the following maimer in the laboratory 

The extract, which was very rich in chloropliylI,^as exhausted 
in portions of 500 grams at a time with moist ethyl acetate. The 
exhaustion was effectecl at boiling temp|ratiire, and repeated 
three times for each fraction. The ethyl ^etatc fractions were 
mixed and distilled, and the green residue was extracted 'mth hot 
water. The chlorophyll remained insoluble. 
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The aqueous solution was filtered and washed eight times 
ether, until nothing further was extracted, the ether removed a 
yellow oil with an aromatic odour. « 

An aqueous solution of a glucoside and an essential oil were 
thus obtained. 

Tlie oil was examined with the following results : — 

Part Sohihle in Benzene,— Thii^ oil is easily soluble in benzene, 
On evaporation of the l)#‘nzene solution a crystalline mass was 
ol)tained ; it was dissolved in sodium carbonate^ solution, filtered, 
and })reei]utate(l with hydrochloric acjd. On extracting the 
hydrochloric a(‘id solution with ctluT and evaporation of the 
solv(‘nt, a crystalline residue was obtained which gave a green 
coloration with dilute ferric chloride. 

Part Insoluble in Benzene , — ^This w^as saponified V?ith alcoholic 
potasli. The alcohol was distilled, the residue dissolved in \^ater, 
washed with ether, and the acid liberated by the addition of 
hydrochloric acid. The solution was ex tract erl with ether, and the 
ethereal extract dried with anhydrous sodium sul])hate, filtered, 
and distilled. The res-idue obtained was nvrystallised from a small 
quantity of boiling petroleum ether. Salicylic acid crystals, 
slightly yellow in colour, wxue ‘obtained, melting at lo^' and 
giving all the reactions foi salicylic apid (vdohd coloration wit?i 
ferric chloride, sublimation with ])henolie odour, etc*.). 

Tli(‘ roots contain, therefoj<‘, a very small (piantity of a salicylic 
ester, f)ossibly" methyl salicylate. 

VITEX AGNUS-CASTUS, OIL Of!— T he leaves of 
Vitex A(jnuS‘Casius yield about \ per cent, of a brown eSseutial 
oil having odour which resembles hy'ssop. It has been e.xamined 
by Hehiwmel d’ Co, (Bepoft, April, 190S, 121), and found to have 
a speeifie gravity’^ 0*901 : optical rotation, - - 7'' .75' : acid vuilue, 
0*4 ; ester value, 18*5 ; and esto value after aeetyiatjon,*'58*4. 
It contains eiicklyjitoj, and jaobably sabifiene and a quinone. 
An oil distilled by TIaensel was stated by him {Vhcvi, ZeniraL, 
1909, 1, 1477) to contain eiiealyptol, pinene, palmitio acid, U 
sesquiterpene, and probabl,y a sesquiterjienc alcohol.^ The seeds 
yield a similar oil wdth a decidedly spicy odour. 

VITEX TRIFOLIA, OIL OF. -^The leaves of T /to fn/o/ta, 
a plant belonging to the natural order Veibenacetjc, are used in 
India for baths, and^ilso in Ja]>an, wiierc the plant is known as 
Hama^7. Tlcy yield an essential oil of spicy odour, which, 
according to the chemists of the Botanical Gardens in Buitenzorg, 
has a specific gravity 0*^84, and optical rotation — 39*75'^. 
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Slanpsaki {Jmir. (Jhem, Ind, Japan, 1921, 24, 191) examined three 
samples of the oil •distilled in Japan, which had the following 
ciiaracters : — # 

Specific gravity . . 0*8908 to 0*9141 

Optical rotation . . 39° 0' to —47'’ 20' ' 

Refractive index . . 1*4707 to 1*5010 

Acid number . . 0 to 1*75 

Saponification number . 23*38-38 7 

^ „ aft 01 ^ 

acetylation 40* 14-53*34 

The constituents of the oil were found to be /re?Y>-pinonc, 
cauipliene, terpinyJ acetate, and a diterpeme alcohol of the formula 
CaoHsgO or 

VITIS Vy^IFERA.— See Cognac Oil.’^ 

WALLFLOWER, OIL OF.- See ‘ Cheiranthus. ^ 

WALNUT-LEAF OIL. — The fresh leaves of Jiujlans mjia 
(N.O. JngJandart a) \icl(l alunit 0*01 to 0*03 per cent, of an 
aromatic* essential oil having an odour recalling that of tea and 
amber {RchimwcUn Bmchl, October, 1890, 01 , (Ifon. Zevlral, 
1907, ii., 1020). The (»iJ distill(‘d from Cerman heaves lias the 
following characters : — ^ 

- Specific gravity . , . . 0-9037-0'OJ37 at 30° 

0})tical rotaticai . . . i 

Acid value .... 9*3-10*8 

Est(*r value .... 18*4-27 

It is setnisolid at cu’dinary 1em}>cratureR. 

Sclni$fmrl <{• Co (Bn Uhl, April, 1012, 131) have distilled an 
oil at Barreme in the south of France The oil whi(‘h separated 
from the distillation water was examined se])arately, and also tlio 
(>il extracted from the distillation water by otluT. The oils had 
the fyllowing ciiaracters : — 



Dircf^t Oil. 

83 per ( eiil . 

(Vilioffation^il. 

17 |)c»i rent. 

Total oil. 

Yield. . 

0*0072 per cent 

0*001 5 pet cent ' 

0*0087 ])eT cent 

SjxY’ific gra vity at 30° . 

0*9171 

0*9231 # 

0*9185 

Optical rotation . 

— 17° 36' 

— 16° 12' ] 

- ir 

Refractive index at 25° . 

. M9I8 

1*4937 1 

1*4922 

Acid value . 

3*7 



Ester value 

9*3 

9^ 


Ester value after acety- 




lation . • . 



98*5 
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With the exception of a solid paraffin hydrocarbon, the fon- 
stituents of the oil have not been identified. ' 

WARBURGIA STUHLMANNI.— The wood ^^f this tree, a 
native of Zanzibar, yields about ^ per cent, of essential oil having 
an odour recalling that of sandalwood oil. It has the following 
characters : — 


Rpeeifie gravity .... 0*0804 at 20"^ 

lUfraetive inde^x*. . . . 1*5127 

Optical rotation .... —41*77° 

Ester value . . . . 11-2 

Ester value after acetylation . . 1 1 1*5 


The oil contains aldehydes, esters, and free alcohols, the nature 
of which has not yet been established. The wood is known in 
East Africa as hiraynhaki vood. 

WARTARA SEED OIL.— See “ Xanthoxylum Oils.’’ 

WATERMINT OIL.— See “ Mentha Oils. ’ 

WATTLE BLOSSOM.-^ See ‘ Acacia.’’ 

WEBERA THYRSOIDEA. — This and sevfTal other species 
of Wfbera are highly odorou^i II (baa tfnjr6oi<J(>a is a small 

tree found on tlu* hills of the Deccan r(‘ninsula at altitudes of 
2,000 to 0,000 feet. Its flowers art* reddish-white and very 
fragrant. Wehera ochvatn is a nathe of Sillieh, Assam, the Khasia 
Mountains, Muneypoor, JVnang, and Pjinco of Wales Lsland. 
These })lants are closely allied to llotah Iviia, (Ste Sauer, “ Odoro- 
gra})hia," ii,, p. 400.) 

WINE, OIL OF.— See “ C\)gnac Oil.” 

WINTERGREEN OIL.- See “ Bireh (Sweet), Oil of.” 

WINTER’S GRASS.— This is a name given to the Malia 
'pengiri variety of citronella grass, as it was originally cultivatfd 
by a firm named Winter & Son. (See “ Citronella Oil\.”) 

WITCH HAZEL.— See “ Hamamelis.” 


XANTHORRHCEA OILS. — The so-called grass tree gums ’’ 
of Australia yield, not only resins of commercial value, but also 
essential oils which, although not us(‘d at Jircsent on a commercial 
scale, present consid^able possibilities to thepeifumer. Several 
of theth yield' highl}’^ aromatic essential oils having an odour of 
balsam of Peru, storax, and similar balsamic substances, Xanihor- 
rhcea Jidstilis is the “ yellow gum,” and Xanihorrhcea australis is 
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\l»b red gum?” The two essential oils have the following 


characters; — • 

Yellow gum. t^ed gum. 

Specific gravity . . 0*937 . . 0*963 

Optical rotation , . — 3® 14' . . ± 0^^ 

Acid value . . . 4*9 , . 47*6 

Ester value . . . 69*4 . . 37*5 


Cinnamic acid has been found in both essential oils, and styrol 
in th« red gum oil. 

An investigation of the essential oils of several Xanihorrh(Ba 
species has recently been carried out by Rennie, Cooke, and 
Einlayson {Jour. Oh^m. Soc., 1920, 338). In one oil, the botanical 
source of which could not be verilied, the constituent which 
formed almost the whole of the oil was identified as pseonol, 
which is p-mcthfL\y-o-hydro\yphenyl“mcthyl ketone. 
The oil from the oleo-resin of Xanihorrhwa tateana contains psponol 
and hydroxy-poconol. The oil from Xanlhorrhoia preissii contains 
pseonol, hydro Kj/-pnconol, and a body which is probably methoxy- 
diphcnyl ether. ^ Traces of /-citrom^Iol were also found in the oil. 

o XANTHOXYLUM OILS.- -There are a number of essential 
oils derived from various hpccies of Xanthoxylum (N.O. Rviacew) 
Jiaving very aromatic ojpurs From llio fruits of Xanthoxylum 
piperifiim, also known as Japanese pepper, or as samho in Japan, 
about 3 per cent, of essential oil is obtained which has, according 
to Schimmel (Jp., an agreeable odour of l(‘mons. Schimmd tjb 
Co. [Bcricht^ October, 1890. 61) examined an oil of specific gravity 
0*973, • and stated that the principal constituent was citral. 
Duruttis, however [Arbeit. Pharm. Inst. Ihiiv. Berlin, 60), states 
that the oil has the folio wiiig characters . — 

yjiecific gravity at 20^ . , 0*890 

• . Optical rotation . . . , — 26*5® 

• Refractive Index . , .• 1*4732 

• > 

JH^identified about 00 pci cent, of terpencs, limoneiK' being one 
of theni. Cuinic aldehyde uas found, an^ geraniol, but no 
citral. ^ 

An oil examined by Asahina and Konno [Ap'^heker Zeitung^ 
1917, 32» 550) had a specific gravity 0*851 at 19°, and specific 
rotation + 45*45°. lt«contained phellandrcne and cumic alde- 
hyde. 

Whether any of the oils above described were hot aeSjurately 
traced to the botanicaj source, or whether local conditions are 

833 j 


P— VOt II 



PEBFU MER Y 


( f 

responsible for the differences between thorn, is uncertain. Tfce 
former is, however, the probable explanation of these differences. 

Helbing (Jahresb,/, Pharm., 1887, 157 ; 1888, 12^ has described 
the oil from the seeds of Xanihoxylum llamilionianum, from 
which from 3*8 to 5 per cent, was obtained. The oil had a specific 
gravity 0*840, and had a persistent odour recalling that of geranium 
and bergamot oils. 

Shinosaki {Jour, Soc, Chem. Ind., 1015, 34, 1270) has examined 
three oils distilled from the loaves of Xanihoxylum ailanthoides 
at different stages of development. The oils contained terpenos, 
a small quantity of phenols, and methyl-nonyl-ketone. They had 
the following characters : — 



Full gro%\n 
leave . 

Half giown 
leav es. ^ 

young 
loav os. 


— 

- — 



specific gravity . 

0*8437 

0*8385 

0*8300 

Optical rotation . 

-- 0° 35' 

~ 5° 75' 

- r 03' 

Refractive index 

1*4474 

1*4408 

1-4440 

Acid value 

0*94 

— 

0*04 

Saponification value . 

i 

2*81 I 

4*21 

i 

1*83 


Schimmel db Co. {Bcntht, April, 190{^ 40, October, 1911, 40$ 
have distilled the fruits of Xavthoxylum acanthopodimn^ which 
arc known in India as Warlara seeds. According to the “ Pharma- 
cographia Indica ’’ (vol i , p. 257), this substance has long been 
used as a sj)ice and a medicament m the East. Sanskrit writers 
call the carpels of the fruit Tumbiiru, wdnch, literally, 'tneans 
coriander. ^ 

Ibn Sina (Gildemeistcr and Hoffmann, “ The Volatile Oils,’’ 
vol. ii., p. 027) describes it as an open-mouthed {fagJmch) berry, 
of the size of a vetch, containing a seed resembling th^t ol the 
hemp From tho wotQ. faghireh the genus Fagaia is obviously 
derived, and the genera Fagaia and Xanihoxylum are so closely 
related that they arc often considered identical. 

Schimmel cO Co. (loc. cii.) obtained 2 per cent, of essential oil 
with a marked odour of coriander. It had the following 
characters : — ^ 

Specific gravity . . O' ^71 to 0*874 

Optical rotation . . +5® 30' lo -f 6® 31' 

Acid value K . . 27*1 

It contained dipentene, d-linalol, and methyl cinnamate. 

The fruits of Xanihoxylum alaium hsEvo been offered on the 
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lioi^don market as CShinesc wild popper. Umncy {P. db E, O. JB,, 
1912, 37) has examined a sample of the oil, which ho found to have 
a specific gra^wity 0*889, and optical rotation — 23”. It contains 
a crystalline stcaroptcne melting at 80°. Schinimel d* Co, {Berichi^ 
October, 1910, 147) obtained from the fruits 3*7 per cent, of oil 
of a lemon yellow colour, and an odour recalling that of water 
fennel. On continued distillation a solid substance came over 
which melted at 83"', which is probaljy identical with Umney’s 
stofiroptene,’’ but purified by rccrystallisatoa. The oil itself 
had the following characters : — 


Specific gravity .... 0*81)53 

Optical rotation . . -- 23” 35' 

Refractive index . . 1*4813 

Ackl value ... . 0*9 

Ester value . . . .10*3 

Esier value after acetylation . . 33*0 


Semmler and Schossberger {Berichtc, 101 1, 44, 2886) isolated 
a terpene, whicli they named xanthoxylene, but which, according 
to Gildemeister and Hoffmann, may be identical with sabinene. 
The solid substaiice (stearopteye) is the dimethyl ctlier of phlor 
acetophenone, (\iminic aldehyde' is also present. It 

/s probable that tlie siK'aroptene examined by Semmler and 
Schossberger is identical with the xanthoxylin of Stenliouse, which 
he believed he had isolated from the oil of Xanihoxyhnn piperiUim, 
but which was J^itcT shown by Han bury (Pharm, Jour., 1857, 

, 1, 17, 19) to have been derived from Xanthoxylvni alafmn. This 
plant^also grows in China, where it is knowui as Rhon Tchiao, 
It is a wild mountain shrub, all parts of which ha'i» a powerful 
aromatic odour. It is imported into tlie United States for per- 
fumery purposes. It is growm in the provinces of Kouang-Si, 
Canton,^ Sc-Tehouan, Chen -Si, throughout the south, and is 
etnployed as a s])ic€^. The leaves are eaten ii/ fritters, and arc 
much appreciated. The seed is utilised as a preservative for furs 
^nd in making a lotion for the hair. 

Xanihox^Uim Auherlin is a plant Is^nown in Reunion as Catafaille 
blanc. The essential oil has the following characters (Hchimmd db 
Co,, Bericht, April, 1907, 105) : — 


Specific gravify 
Optical rotation 
Acid yalue 
Ester value' 

Ester value aft^r acetylation 
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I#-- 19° 20' to -^62° 10' 
. 1 * 1 ~- 1 *« 

. 7*3-87 

. 3^-51 
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The oil contains an olefinic terpene, a sesquiterpene which 
been named evodene, methyl-eugenol, and j)hloroacctophenono 
dimethyl ether (Semmlcr and Schossberger, loc. cit^. 

The oil from the seed ©oats of Xanthoxylmn seyiegalense {Fagara 
Xanihoxyloides) has the following characters : — 

Specific gravity .... 0-0229 

Specific rotation . . . . — 1-20° 

Acid valiK' , * , . . . 2*2 „ 

Ester value ..... 5S-5 

It contains methyl-nonyl ketone, decylic aldehyde (?), dipen- 
tenc, linalol, a scsqiiiterjiene, esters, and the lactone xanthotoxin. 
This last-named body was isolated by Thoms, who found it to be 
a mixture of two substances which, by repeated recryrtallisations, 
was separated into two isomeric bodies of the formula Ci2Hg04, 
xanthotoxin, melting at 146^, and bergaptenc, melting at 191°. 

XIMENIA AJGYPTICA.---This plant, also known as Bala- 
nites ^Egyplica, is, according to Pliny (“ Nat. Hist.,'’ xiii., 2), one 
which provided the ingredient “ balaninum " of the true spikenard 
ointment. The genus Xmew/a, # which contains a number of 
odoriferous species, was named after the Spanish monk Ximencs^^ 
who published several works on the 'hicdicinal plants of the 
Spanish colonies. 

XYLENE-MUSK.— See “ Musk Ai'tificial.”^ 

YAMAKOSHO.— Shinosaki (Jour. Chon. Jml. TokyoM^iri, 
18, lOSl) hag reported u])on the essential oil of a plant growing 
in Formosa, known as yamakosho, and whose botanical origin is 
unknowui. He obtained 1-2 per cent of oil from the leaves having 
the following characters . — r 

Specific gravity . . . \ 0-9049 

Optical rotation .... — 18-8° 

llefructive index .... 1-4035 « 

Ester value after acetylation . . 48-06 ^ 

It contains terpenes and cinool. 

YAMA-NIKKEI OIL.— The bark of the so-called wUd 
cinnamon or yania-m^'ci of Japan yields an essential oil having 
a strong odou^ of camphor, and also recalling that of ginger. 
According to Scliimmel cC? Co, (Berichte^ April, 1915, 54), it has a 
specific gravity 0-9245 ; optica) rotatioif, f 8° 34' ; refractive 
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1*47779^; acid value, 0*6 ; and ester value, 14*8. It 
contains much camphor, and probably teq)enos and cyinene. 

YARA-YARA.— See “ Bromelia.’’ 

YE -SI -MIN, — ^This is the local nam^ for a Chinese plant 
belonging to the jasmine family. The flowers are highly fragrant, 
and are used for perfuming liqueurs, and possibly tea. 

YLANG-YLANG.—Seo ‘‘ Cananga/)il/’ 

YU-JU OIL. — According to Nagai (Publication of the 
Monopoly Bureau, Government of Formosa, 1914), “ .yu-ju oil 
is a term applied to an essential oil which is obtained from the 
so-called ‘'oil tree ” indigenous to southern Formosa, and which 
is closely related to camphor oil in its properties. Its failure, 
however, to yield camphor in the course of production is the chief 
featu*re of difference from camphor oil, and evidently indicates the 
reason why the natives call the mother tree iu-chhiu, or oil tree.’’ 
Similarly, the term yu-hoku or yu-hnn-boku^ as frequently applied 
by the Japanese to the dree wdiich yiohls only a little camphor 
and a large ({uantity of oil, suggests the inconspicuously small 
percentage of camphor obtainable. 

The yu“ju tree is identical, ^in its external forms, with the 
(jimphor tree [Cin'nainouyijn (\unphora Noes ct Eb(U’m.), and 
the camphor manufacturers mainly rely, as the sole means of 
discriminating between them, upon the odour of shavings taken 
from the root, oidiside of which no particular methotl seems to 
be in current use. 

Rin(% the cdinphor tn^e growing in southern J^^ormosa generally 
yields a small quantity of camphor and a copious anmunt of oil, 
it may be designated, in a comprehensive w^ay, the ‘‘ yu-ju 
oamphoi tree.’" In addition to Karenko (Hoelieng-kang) and 
DaitA (Tai-tang) prefectures, wdiicli possess vast growdng tracts, 
ISligi prefecture cmbifices also su(*h a district as lltinhaiku, border- 
ing Kosemj^o, Vliere the tree commonlj^ yields Ifeix times as much 
#il m camphor ; thus giving a fair notion ot the extent to whici) 
the tree flojiribhcs even in this prefecture. Ako prefecture also 
figures jf^^ninentljj as one of the leading producing centres, 
Rono-kei (Lau-long-khoc), Dakko-kei (Lok-hau-lftoe), and tlu^ 
entire tract stretcliing ^long the Namasen^kei being the main 
districts. j 

According to the statement of a meml&er of J/he Kjpsemjio 
Camphor Di^tillfery, the comparative outputs of camphor and the 
oil portion are at the av^age proportion of 25 to 75, showing that 
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to enormouiS amount of the oil is producible. ^ In Banshpfy^ 
(Han-chfi-liau), Shinkoko (Chhim-kau-kiu), Djfeipanriau (Lai-pang- 
li&u), and Datetsu (Phah-thili), celebrated as tjie chief yu^ju 
growing localities, some varieties often totally fail to yield stearop- 
tene, the average yield of which generally is not more than 
10 per cent, of the oil portion produced. 

The yu-ju oil is readily obtained, as in the case of ordinary 
camphor oil, by the preyalent Tosa sjbtem. According to the 
investigation carried out by a member of the Kosempo Camphor 
Distillery, the maximum yield of camphor oil obtained from a 
yu-ju cam])hor tree in tJiat district is 5 ]kt cent., and a yield of 
4 per c(mt. is considered to be fairly CAcellent, while the figure 
(Xjcasionally falls to the minimum of 1 jier cent. But an average 
yield of 2 per cent, may be reasonably regarded as standard. 

In comparison with the KoRem])o camj>hor oil just mentioned, 
the real yu-ju oil, being considered more copious in its yield, may 
also be safely estimated at 3 to 4 per cent. Despite the fact that 
the existing stocks of the yu-ju tree are much ^ever than those 
of the yu-ju camphor tree, and that no large amount of production 
could be expected, an output of 50,000 to 00,000 kin per annupa 
would not be a matter of difiicultj. 

The yu-ju oil is identical with camphor oil in physical proporticss, 
except in optical activity, in which the former seems to bo slightly 
weaker. Usually it has a light yellow or golden or, ver^ rarely, 
a gr(‘enisli -yellow colour, but certain varieties of camphor oil 
produced from the yu-ju eamplior tree grooving in Kosempo 
frequentl}'' possess, as exceptions, an intense brown eolour^*or are 
altogether devoid of colour. 

llie specfilc gravity and optical rotation of tlie different varieties 
of the oil may be gleaned from the tabic on p. 839. 

The oil is easily distinguished from shiu oil by the absence of 
the linalol colour reaction with mercuric s)ilphate It' contains 
a pinciu', campli^ne, 'cineol, dipentone, camphor, a-terpineol, 
eugcnol, safrol, and possibly cadinene. , 

ZATARIA MULTIFLORA, — ^This is a small Isfoiato shrub 
found on the liills near Muscat, in Arabia. According to Sawer 
Odorograj)hia,'’ ii., 148), the dried plant is much u^ed in India 
as an aromatic stimulant, and is sold in the native bazaars tmder 
the name saaUir, Its^fpagranco is due to an essential oil which has 
not ych boon examined. 

ZIBETHONE. — ^Zibethone is a ketone isolated from civet by 
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Saojk. B haw the fo^vla 

iMid ita (#iracterji ai» W ip}lows 


BoUuig point . 

Meltar^point ^ 

„ „ ai nsiuje . 

„ „ semHsicrbaaonc 


, 3l2’at741mm. 
. ^’5° 

'’ 92 “ 

. 187“ 


(See “Civet.”) 

ZINGIBER.-See "Ginger.” 

ZINGIBEROL.-^ “Ginger.” 

ZIZIPHORA TENUIOR.— This pl^nt is, according to 
Sawer {“ Odn^ographia,” ii., 149), a native of Persia and Baluchi- 
stai), and ia sold in the Indian bazaars under the name Mis%h4- 
taramashia The Mahomedans of the East consider the plant to 
be the wild thyme of the Greeks. In Shiraz it is called rang 
The odour of the plant resembles that of pepperramt. 




